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(54) SUPERCONDUCTIVE CABLE WIRE 

(57) Abstract: 

FIELD: electrical engineering. SUBSTANCE: 
proposed flexible oxide superconductive 
cable wire showing less losses with 
alternating current is composed of 
belt-shaped multiconductor superconductive 
wires. Each wire has certain number of cores 
composed of oxiae superconductor and coated 
with stabilizing metal applied on frame 
along spiral. Superconductive wires are 
applied on frame with bending tension not 
higher than 3 0%. While applied on frame 
specified number of multiconductor 
superconductive wires are wound on core 
closely one to another to form first layer. 
Then insulation layer is laid on first 
layer. Insulation layer may be formed by 
insulating tape. Specified number of 
belt-shaped superconductive multiconductor 
wires is put on insulation layer one 



adjacent to another to form second layer. 
Insulation layer is capable of reduction of 
A C. losses If frame is composed of metal 
basically than it will be preferable to lay 
insulation layer between frame and 
multiconductor superconductive wires. 
EFFECT: diminished AC losses. 16 cl, 15 dwg 
, 2 tbl 
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| CyMUTOMO 3/ieirrpMK MHflacrpn3, JITfl (JP) 
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HoByxupo Cn6yTa[JP], Kshmth CaTO[JP], l_|y«ycM 
Xapa[JP], XHfleo Hchh[JP] 

(73) naTeHToo6naAaTens: 
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(54) CBEPXnPOBOAfllMHtf KABEJ1 bHblfi riPOBOfl (BAPMAHTbl) 



(57) F 

Monorb3QBaHMe: Ana H3roTOBneHns 
cBepxnpoBOflfli^ero Ka6em. Cyu^HocTb 

M30Gp6T9HHR! 4TO(5b! nany4HTb rw6KMCi OKCHflHblPi 

CBepxnpoBOflflinnPi Ka6enbHbifl npoBOfl, 
□Sjiaflaioi^nM MeNbLUMMM noTepsMK Ha 
nepeMeHHOM TO«e, jieHToo6pa3Hbie 
MHorojKniibHbie cBepxnpoBOflflinne nposo/iOKH, 
<ax</;a3 us KOTopbix ooflepwuT HeKQTopoe 
rannHecTBO xcnn, coctobiuhx no cymecTBy M3 
oKcuflHoro CBepxnpoBOAHMKa, ncwpbiTbix 
cTa6nnn3npyK3innM MeTannoM, HawaTbiBaioTcw 
no cnnpann Ha rn6Kntf KapKac. 
CBepxnpoBOflsqinne npoBonoKH 
npeflnoHTMTenbHO HaMaTbmaroTca Ha KapKac npn 
HanpjDKeHMM H3rn5a He Bbiwe 0,3%. npn 
HaMOTKe Ha KapKac 3aAaHHoe hmcho 

JieHTOOBpaaHblX MHOrOJKtinbHblX 

CBepxnpoBOfl^i^nx npoBonoK HaMaTbiBaeTca Ha 
cepfle^HHK BruioTHyio flpyr k flpyry, htoOh 
o6pa3oeaTb nepBbiK cno«. 3aTeM Ha stot 
nepBbifi cnofi VKnaAbiBaeTca Hao/iaijMOHHbiM 
cnofi. Haon^i^MOHHbiM cnoPI (20) MoweT 6biTb 



o6pa30BaH M3 naonnmiOHHoH jieHTbi. 3aflaHHoe 
Huono neHToo6pa3Hbix CBepxnpoBOAHLHwx 
MHDroxcunbHbix npoBOJioK HawaTbiBaeTcsi Ha 
nsojnnL(noHHbi^ cnofi BnnoTHyio npyr k apyry, 
mo6bi o6pa30BaTb BTopofi cnoii MaonoLinoHMbiii 
cjiom cnooo6eH a-iHwarb noTepn npoBOfla Ha 
nepeiweHHOM toks. Ecnu KapKac coctomt no 
cymecTBy m weTanra, 6onee npeAnoHTMtenbHo 
flenaTb H30Ji3L(noHHbiCi cr.oft Me>KAy KapKacoM n 

MHDrojKHflbHblMM CBepxnpOBOflaiAHMM 

nposonoKaMM . 2 c. m 16 3. n. cp-nu, 15 wi., 2 
Ta6n. 
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flaHHoe M3o6peTeHne 
CBepxnpOBOflfliuero Ka6enbHoro npoBOfla, b 

KOTOpOM npMMeHSeTCfl OKCUflHblM 

CBepxnpoBOflHUK, n, b MacTHooTH, KacaercH 
rn6Koro npoeofla, KOTopbift MoweT GbiTb 
ncnojibaoBSH b CBepxnpoBOflnmew Ka6ene. 

OKCHflHbltf CBepxnpOBOflHMK, KOTOpbltf 

OTaHOBMTcn cBepxnpoBOflwujUM npn 
TeMnepaTypa >KMflKoro a3QTa, npeAHa3HaneH 
Ana npMMBHeHMH b cBepxnpoBOflsmeM Ka6ene c 
oxna)KfleHueM >kuakhm a30TOM, npn 

OCyW,eCTBJleHHl/l npMMeHeHMH B03MOXHO 

oflHOBpeMeHHo ynpocTHTb cucTeMy TenroBofl 
3amnTh! \a cnn3HTt. pacxoflbi Ha oxna>nneHwe no 
cpaBHeHMio c MeTannnMecKMM 

OBepxnpoBOflflinnM Ka6eneM, KOTopbiC b 
HacTOflii(ee BpeMS TpeoyeT AoporocTosw,ero 
WHflKoro re/inn 

CBepxnpoBOflsinnti KaGeiib flonxceH GbiTb 
onocoSeH nepeflaBaTb cM/ibHbifi tok npn hm3kom 
noTepe sHeprnn b KownaKTHQM npoaoAe. 
nepeflaqa SHeprnn oohhho ocymecTBnaeTCfl Ha 
nepeMeHHOM TOKe, k npuMeHeHue 
OBepxnpoBOflHuica flna nepeMeHHoro toks 
Hens6e>KH0 tMnpoBoxcflaeTcsi noTepqMn 
SHeprnn, KOTopyio oBbiHHO HaabiaaioT noTepaMM 
Ha nspswBHHOM TOKe. norepM Ha nepeMeHHOM 
TOKe, Hanauiuep, noTepn Ha rncTepe3no, noTepn 
Ha coeflMHeHUfl mjih noTepu Ha BuxpeBbie tokm, 

3aBHCHT OT KpMTHHeCKOM n/lOTHOCTW T0K3 0 C ) 

CBepxnpoBOAHUKa, pa3Mepa xcnn, CTpyirrypbi 
npoBOAa n T.n, 

flo HacTosmero BpeiweHu BbinycKanwcb 
paaHbie Buflbi ceepxnpoBOAfliMux Ka6enefl c 
nonorib30BaHneM MeTannnMecKnx 
CBepxnpoBOflHWKOB c L^enbio nayneHns crpyicryp 
Ana yweHbiueHnq noTepb Ha nepeMeHHOM tokb. 
Hanpniwep, b anoHCKOfi naTeHTHoK ny6nnKamin 
N 6-36329 (1S94) pacKpbiT CBepxnpoBOfisi^nCi 
npoBOA, KOTopbiR coAep>KHT HopManbHbii* 
npoBOA vi KOMno3HTHbie MHoroxunbi-bie 
CBepxnpoBOAHUKu, HaMOTaHHbie no onupa/in no 
HapyxHotf OKpywHOCTn HopManbHoro npoBOAa. 
npoBOA, pacKpuTbiil b aroS nySriMKaLiMU, 
o6pa30BaH HaMOTaHHbiMH no mscobow crrpenKe h 
npoTMB Hee cjiosimi/i KOMnoaKTHbix 

WHOrOJKMJlbHblX CBepXnpOBOAHMKOB, KOTOpbie 

nonepeMeHHo HajioweHbi Apyr Ha npyra. 
HanpaBneHnq HaMOTKH npoeoAHUKOB 
H3MeHBK>TCfl b KaKAOM cnoe AHA yMeHbWeHHR 
MarHHTHbix nonefi, reHepnoyeMbix 3 

npOBOAHHKaX, MT06b! TaKMM 06paa0M CHH3MTb 

HMneAaHC h noBhionTb ero TOKOHecymyio 
cnoco6HQCTb. B flaHHo« nyennKaqnn TaioKe 
npeAnoweHO winonbaoBaTb Me>wy cjiohmm 
cnoK, oSiiaAaioiAMK BbicoKUM conpoTKBneHUeM, 
win naoiiaunoHHbiCi cjioti, HTo6bi cHnanTb 

Ecau Ka6enbHbiM npoBOA o6pa3yeTCH M3 
OKCMAHoro CBepxnpoBOAHUKa, TexHonornji, 
npuiMenBeMas Ann MeTajinvHecKoro 
CBepxnpoBOAHUKa, He MoxceT npuMeHflTbcs KaK 

TaKOBa«. OKCklflHblK CBepxnpOBOflHUK, 

HanpuMep, KepaMnnecKnti CBepxnpoBOAHMK, 
OTni/iHaeTCH 6onbiueK xpynracTbio n 
yn3BHM0CTbio b oTHoineHHH MexaHnHecKoro 
Hanp^jKeHna, neM MeTannnHecKUki 
CBepxnpoBOAHMK, HanpnMep, b snoHCKOM 
naTeHTHOM ny6nnKai4^n N 6-3B329 (1994) 
pacKpbiT cnoco6 cnnpanbHoK h8motkh 
CBepxnpoBOAHHKOB BOKpyr HopManbHoro 
npoBOAa TaKMM o6pa30M, HTo6bi mar HaMOTKn 
6bin paBeH fluaMeTpy Ka>KAoro 
CBepxnpoBOAHUKa. OAHaKo, ecnn, HanpuMep, 
: TaKMM MaiibiM niaroM HeAaBHO 



Da3DacoTaHHbiCi cBepxnpoBOAftujnfi npoeoA, 
coAep>KaiAM« OKCuflHbii^ csepxnpoBOAHHK, 
noKpbiTbifi cepe6oflHoK o6ojiomkoCi, to 
cymecTByeT BbicoKan seposTHOCTb Toro, hto 
stot okchahhR CBepxnpoBOAHMK pa3jiOMaeTCfl : 
HapyiUHB noAany TOKa. Ecnn QKcuflHbifi 
CBepxnpoBOAHMK HpeaMepHo /OomyTb, era 

KPMTMHeCKMM TOK MOJKeT 6b!Tb 3aMeTHO CHM)KeH. 

CneAQBaTBJibHO, npn M3roTOBneHMH Ka6enbHoro 

npOBOAa, BaXOHbIM MOMeHTOM RBJIFieTCS 

pacnonoweHne okchahoto CBepxnpoBOAHUKa. 

MsBecTeH CBepxnpoBOARii(M^ Ka6enbHbiR 
npoBOA Ha ocHOBe okcmaob, onMcaHHbiS b 
naTeHTe TepMaHun N 4006094A, H 01 B 12/00, 
1991. 

H3 BbmBJieHHbix aHanoroB Haw6onee 
6/1M3KMM k paccMaTpMBaeMOMy M306peTeHMK3 
aBJiaeTCfl CBepxnpoBOAflmnCi Ka6eribHbiM 
npoBOfl, onucaHHbiti b stom xe 3anBKe TepMaHnu 
N 4005Q94A, H 01 B 12/00, 1991. 

yKa3aHHbiM npoBOA coAepKMT rn6Kyio 
noAnoxcKy (rocppMpoBaHHyio Tpy6Ky) ppp, 

MHOJKeCTBa MHOrOJKMJIbHblX OKCMflHblX 

CBepxnpoBOAsiijMX npoBonoK, noKpbiTbix (oamh 
M3 BapnaHTOB) CTaennn3npyioiAnivi MaTepnanoM. 
OTJiMHMe paccMaTpMBaeMora npoBOAa ot 

M3BeCTH0r0 3aKniOHaeTCfl B KOHCTpyKU,MBX 
riOATlQXCKM OKCMAHOrO CBepxnDOBOAHUKa A nx 

B33MMHOM pacnojioxeHUM, hto no3B0fineT 

OCB060AMTbCfl OT yKa3aHHWX Bblliie 
HBAOCTaTKOB, 

B oCHOBy AaHHoro M3o6peTeHM5i nonoxeHa 
aaAana co3AaTb cBepxnpoBOAflii|MCi Ka6enbHbiM 
npoBOA, 06naAaioiAMM rM6KOCTbio n otjimhhom 
csepxnpoBOAMMocTbio, b nacTHocTH, bwcokum 

KpMTMHeCKMM TOKOM M BblCOKOM nflOTHOCTblO 

KpMTMHecKoro TOKa, npoTeraKinero no 
oKCMAHOMy CBepxnpoBOAHMKy. 

flpyroM 3aflaHBM, ne>KaLi(eti b ocHOBe 
AaHHoro H3o6peTeHna HBn^eTCfl co3flaHne 
CBepxnpoBOflBmero Ka6enbHoro npoBOAa, b 
kotopom 3HaHHTeribHo CHMweHbi noTepn Ha 
repeMeHHOM TOKe, npoTeKawmeM no okchahow 
CBepxnpOBOfl^iiiefi npoBonoKe 

CornacHo flaHHOMy M3o6peTeHHio noAnowKa 
BbinoriHeHa b Bi^Ae KapKaca, cBepxnpoBOA^iA^e 
npoBonoKH BbinonHeHbi neHTOo6pa3HbiMH n 
HaMOTaHbi no cnnpa/in Ha KapKac b HBCKonbKO 
noc/ieACBaTenbHo pacnojio«eHHbix, 

CCpOpM/ipOBaHHblX M3 MHMKeCTBa 3TMX 

npoBonoK, cnoeB, BnnoTHyio Apyr k APyry b 
Kax<AOM H3 hmx, npM 3TOM, no MeHbiueCi Mepe, 
M&MRy stmmm HecKojibKMMM oioBMki pacnonoweH 
3neKTpoM3onannoHHbiM cnoii. 

>KenaTenbHo, MTo6bi CBepxnpoBOAHLUMe 
rcoBoroKM 6binn HaMOTaHbi Ha KapKac npu 
HanppiweHnn M3rn6a MeHee 0,3% 

>KenaTenbHO, hto6w sneKTpoMaoriFinMOHHbiCi 
cnoPi 6bm pacnono)KeH Me>KAy MHo«ecTBOM 
neHToo6pa3Hbix CBepxnaoBOAflLA^ npoaonoK, 
no MeHbiueM Mepe, b nio6oM M3 
nooneflOBaTenbHO pacnonoxeHHbix cnoeB. 

>KenaTenbHO, hto6w KapKac 6un BbinonHeH 
M3 MeTanna. 

>KenaTenbHo, HTo6bi ksjkawm 

aneKTpoMSorifli^MOHHbiM cnofi 6bin o6pa30BaH 
nyTeM cnnpanbHoii h3motkh M3orwi_iMOHHoP( 
neHTH e npoAonbHOM HanpaeneHHH KapKaca. 

>KenaTeribHo, MTo6bi KajKAbi v\ 

3iieifTpoM3onHLi,woHHbiCi cnoW 6b!n oGpasosaH H3 
M3onnL(MOHHoCi neHTbi, npnweM nsonnqMOHHaji 
neHTa Sbma 6w ynoweHa Me>KAy caceflHMMM 
JieHTQ06pa3Hb!MM CBepxnpoBOAHLUMMM 
npoaojiOKaMM, no MeHbineK Mepe, b jikjdom M3 
HeKoToporo MMcna cnoeB m cnnpanbHo 
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HaMOTaHa Bflorib coceflHux CBepxnpoBOflflinnx 

npOBOflOK C B03MO«HOCTblO nOKpblTb OCHOBHylO 

noBepxHocTb, o6pam,eHHyio k KapKacy, oahoH H3 
coceflHux CBepxnpoBoflamux npoBonox n oflwy 
ocHOBHyio noBepxHocTb flpyroCi 

CBepxnpoBOflsmeR npoBonoKM, 
npoTHBonofiowHoti ot Kapxaca b napax 

npOTHBOnOJlOJKHblX QOHOBHblX noBepxHocrefi 
CaOTBeTCTByK>lL|HX npOBOflOK. 

>KefiaTenbHO, hto6w neHTOo6pa3Hbie 
MHorojKunbHbie OKCHflHbie cBspxnpoBQflfiinne 
npoBonoKn 6binn noKpbiTbi 

3neKTpOH30n!1l4HOHHblMM cnoflMH. 

XfenaTenbHO, HTo6bi KapKac 6bin BbinonHeH 
M3 MeTannnMecKOfl Tpy6Kn co cnnpa/ibHofi 
KaHaBKOM nnn MeTannMHecKon rocppHpaaaHHafl 

TpyOKH. 

Xe/iaTenbHo, HTo6bi npoBOfl coAep>Kan 
MeTannnnecKyio neHTy, HaMOTaHHyio no 
cnnpann Ha KapKac, n H3on5iLiHOHHyic neHTy, 
HaMOTaHHyio no cnHpani/i Ha maflKyto 
noBepxHocTb, o6pa30B9HHyio MeTan/inwecKOH 
neHToti, npuHSM neHToo6pa3Hbie MHorojKM/ibHbie 
CBepxnpoBOflflii^ne npoBonoKM cnnpanbHO 
HaMOTaHbi Ha H3ojiHi4noHHyto neHTy 

XenaTenbHo, MTorjbi b neHTOofjpa3Hbix 
npoBonoKax >KHHbi 6binn CKpyneHbi 

(TBUCTHpOBaHbl). 

llQCTaBneHHaq 3aflaMa petuaeTca Taiotce tsm, 
hto oornacHO M3o6peTeHUK> noA/io>KKa 
BbinonHeHa b BUfle Kapraca, CBepxnpoBOAfliMHe 
nposo/ioKH BbinoriHeHbi neHTOo6pa3HbiMH u 
HaMOTaHbi no cnnpann Ha KapKac c HaraxeHneM 
He 6onee 2 Krcfc/MM 2 npn HanpaweHHH H3rn6a 
weHee 0,3% e HecKonbro nocneflOBaTe/ibHo 

pacno/10>K9HHblX, OCfcopMUpOBaHHblX H3 

MHO«ecTBa 3thx npoBonoK, cnoeB, BnnoTHyio 
flpyr k flpyry b Kaxy;oM H3 hmx, npn stom, no 
MeHbiueW Mepe, Mex<By 9thmm HecKonbKHMH 
cnoflMH h Mexny neHToo6pa3HbiMM 
CBepxnpoBOflfli^nMH npoBonoKaMH n KapKacoM 
pacnonoweH sjieicTpaHaonfmMOHHbiCt cnoti. 

XenaTenbHO, mto6w npoBoa coflep>Kan 
aneKTponaonsuMOHHbiM cnopi we)wy 

MH0JK9CTB0M /ieHT006pa3Hb!X CBepxnpOBOABlUHX 

npoBonoK, no MeHbiuefi Mepe, b jiki6om H3 
nocrefloBaTenbHO pacnonoxeHHbix cnoea 

XenaTenbHo, HTodbi Ka>Kflbi3 

3neKTpon3on^L|noHHbiM cnofi 6bin o6pa3oaah 
nyTeM cnnpanbHOH HaMOTKM H3onfli4HOHHOH 
neHTbi b npoflcribHOM HanpaBJieHMM KapKaca. 

>KenaTenbHo, HTo6bi raxAbin H3onfli4MOHHbiH 

CnOfi 6bln O0pa3OBaH H3 H30nflL(H0HHafi TieHTbl, 

npuneM M3oriflLiMOHHafl neHTa yKnaflbisaeTca 
Me>Kfly coceflHUMM neHT006pa3HbiMH 
CBepxnpoBOflflujuMn npoBonoKaMH, no MeHbiiieH 
Mepe, a nio6oM H3 HeKOToporo nncna c/ioeB h 
own cnnpafibHO HaMOTaH Bfio/ib coceflHux 

CBepxnpOBOflSLL|HX npOBOflOK C B03MO>KHOCTblO 

noKpbiTb ocHOBHyio noBepxHocTb, oSpameHHyro 
k KapKacy, oahoh n3 coceflHux 
CBepxnpoBOflaujux npoBonoK v\ oflHy ocHOBHyic 
nosepxHOCTb Apyro(^ CBepxnpoBoownePI 
npoBonoKH, npoTHBononox<HoPi ot Kapraca b 
napax npoTHBononoxHbix 
noBepxHocTefi cooTBeTCTByiomMx n 

XfenaTenbHo, MTo6bi MHo>KecTBO 
neHToo6pa3Hbix MHoro>KnnbHbix okchahhx 
CBepxnpoBOflflii|nx nposonoK, npeflBapnTenbHo 

nOKpblTblX H30Jlfll4HOHHblMH OTlOflMH, 

HaMaTbiBanwcb Ha Kapxac, 

XenaTenbHO, mto6u Kapkac aBrinncfl 
MeTannnnecKofi Tpy6KoK co cnnpanbHoM 
KaHaBKofi mv\ MeTannnMecKOM rot^pupoBaHHO^ 
Tpy6KoPi. 



>KenaTenbHo, 
MeTannnMecKyio 
en m pan i 
HaMOTaHHyio 



pKa: 



HTo6b! npoBOfl coflep>Kari 
neHTy, HaMOTaHHyio no 
H3onai4HOHHyio neHTy, 
poBHyio noBepxHocTb, 



o6pa30BaHHyic MeTan/inHecKoS neHTotf, npuneM 
jieHTOo6pa3Hbie MHoroxcuribHbie OKCHflHbie 
CBepxnpoBOfljuiine npoBonoKn cnnpanbHO 6bi/in 
HaMOTaHbi Ha n3onni4HOHHyio neHTy. 

XenaTenbHO, mto6u b /ieHTOo6pa3Hbix 
rposoxioKax >Knnbi 6binn CKpyneHbi. 

npuseAeHHbie BbiLue n nponne npusHaKH, n 
npenMyi±(ecTBa AaHHoro M3o6peTeHnFi cTaHyT 
6o/iee DHeBUflHbiMn H3 cneAyioiAero Hi/we 
noApoBHoro onucaHun BapnaHTos BbinoriHeHns 
M3o6peTeHna co ccbmiOMH Ha npunaraeMbie 
HepTewM. 

Ha (Jjnr.1 flan HacTHHHbiH bha cepfleMHU^a co 
cnnpanhHbiMM KaHaBKaMn ncnorbsyeMoro b 
A3HH0M H3o6peTeHMH, Ha cpnr.2 nepcneKTHBHufi 
bha, H3o6pa)KaioiAMM HacTMHHO ro4)pnpoBaHHbiH 
cepfleMHMK, HcnonbsyeMbiii b flaHHOM 
H306peTeHnn, Ha cpnr.3 nepcneianBHbiW bha, 
M306paxaiou4nM cepAeHHMK b cpopMe 
cnHparibHoC^ jieHTbi, ncnonb3yeMbifi b ashhom 
H3o6peTeHn^i; Ha cpnr.4 o6lahR bha 
neHToo6pa3Ho£i MHoroawnbHoti okcmahoPi 
CBepxnpoBOA^mefl npoBonow, HaMOTaHHofl no 
cnHpanw Ha cepAe^HMic; Ha cpnr.5 
nepcneKTHBHbiH bha KOHxpeTHoro npHMepa 
CBepxnpoBOAHiAero Ka6eribHoro npoBOfla 
comacHO AaHHOMy M3o6peTSHn«j; Ha cpnr.6 bha 
b ceneHHH, H3o6pa*aioLAHkl MHoroc/ioHHyio 
CTpyinypy jkmji m H3onflUHOHHoro MaTepHana b 
nposoAe, H3o6pa>KeHHoM Ha a>nr. 5; na cpnr.7 
bha b ceneHHH, H3o6pa>KaioinHW Koi-wpeTHbifl 
npHMep Takoi?i CTpyKTypbi, b KOTopoH 
H3onHL(HOHHbie neHTbi pacnonaraioTCH Me>Kfly 

COCeAHHMH J19HT006pa3HblMH MHOTO>KHnbHblMH 

CBepxnpoBOAfliAHMH npoBonoxaMH cornaoHo 
AaHHOMy H3o6peTeHHio; Ha cpnr, 8 

nepCneKTHBHblfi BHA, H306pa)KalOLL(HH 

nono)tceHHfl xoin, nepeBMTbix b MHoroxmibHoH 
okchahoh cBepxnpoBOAflLMe* npoBonoKe; Ha 
cpnr.9 - nepcneKTHBHbiH bha, H3o6pa>Kaioii(HH 
Apyryio cpopMy cepAenHHKa; Ha cpnr.10 a, 6 bhau 
b ceqeHHH, H3o6pa«aioinHe npoL^eco h3motkh 

CBepxnpOBOAflLAHX MHOrOJKH/lbHblX npOBOJIOK Ha 

cepAeMHHK 6e3 npoxnaAKH H3onBL;MOHHbiM 
c/ioeM; Ha cpur. 1 1 saBHCHMQCTb Me«Ay 
BeTiHHHHofi noTepb Ha nepeMeHHOM TOKe Ha 
OAHy XHny h B036y>KAaioiAHMH toomh b 
npoBoflax, no/iy-ieHHbix 3a cneT yxnaflKH 
cBepxnpoBOAniAHX MHoro)KHjibHbix npoeonoK; Ha 
cpnr. 12 nepcneKTHBHbiH bha, Hso6pa>KaioLL|HH 
ApyroH npHMep npeAnroxeHHoro npoBOAa; Ha 
cfcinr. 13 bha b ceHeHHH npoBOAa, 
H3o6pa>KeHHoro Ha qtiHr.12; Ha qtinr.14 bha b 
ceneHMH en|e oAHoro npHMepa npeAnoxeHHoro 
npoBOAa; Ha cpi^r.1 5 a, 6 bmau b ceneHHH, 
H3o5pax<aioLUHe CBepxnpoBOflnmyio 
MHorownnbHyio npoBonotcy, noKpbiTyio 
H3oriHi4HOHHbiM cnoeM, h eiAe oahh npHMep 
npeanoxeHHoro npoBOAa, HsroTOBneHHoro H3 
CBepxnpoBOAJiLAHX MHoro>KHjibHbix npoBonoK, 

COOT BeTCTBe H HO nOKpblTblX H30naL(HOHHblMH 
CJIOflMM. 

CornacHo AaHHOMy H3o6peTeHHio Ka^flaa 
neHToo6pa3Haa MHoro>KnnbHafi OKcuflHaa 
CBepxnpoBOAHoiaH npOBonoKa HMeeT, <aK 
npaBH/io, TaKyio CTpyrrypy, KorAa HecKonbKo 

XCHH, COCTOfllilHX no CymeCTBy H3 OKCHflHOrO 

csepxnpoBOAHHKa, norpy>xeHbi b 

CTa6HnH3Hpyioii(HH MaTepnan, KaKOBbiM 
sBnweTCfl cepe6po htih era cnnaB, OKCHAHbiH 
cBepxnpoBOflHMK Mo«eT 6biTb BbinonHeH m 



a: 
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JlBa 2 CU 3 0 7 .x (0=X<1) 

(Bi, Pb)2Sr 2 Ca2Cu30 10 .Y (0 = Y<1) Hnn 
Tl2Sr2Ca z CU3O 10 .2 (0«Z<1). 
KepawuMecKntf cBepxnpoBOflHUK Ha ocHOBe 
BMcwyTS npeflnoMTHTeneH c tomkh 3peHHH 

BblCOKOfi KPHTMM6CK0M TeMnepaTypbl, BblCOKOM 
nflOTHOCTH TOKa, HM3KOM tokckmhoctw h 

rerKOCTM H3roTOBneHHH na Hero npoBonoKi/i. 
neHTOoBpaaHafl CBepxnpoBO,qflLnas npoBonOKa 
M3roTaBfiMBaeTCJi , ksk npaBuno, 3a cMer 
BbinoriHeHna onepaqn^ noflroTOBKn cwpbeBoro 
nopoaiKa Anw oKcuflHoro CBepxnpoBOflHHKa 
sarpy3KM noponiKa b oBonoHKy 113 
cTa6nnu3upyioLnero Marepwana, nnacTwqecKoPi 
o6pa6oTKH n cneKaHMH, Ha CTaflnw noflroroBKn 
cupbeBoro nopowKa nopaLUKoo6pa3Hbie oKcuflbi 
nrn Kap6oHaTbi 3/ieMeHTOB flna o6pa30BaHHH 
cBepxnpoBOflHUKa nepeMeniHBaioTCfl b 
3aAaHHbix cooTHOiueHUHx n cneKawTCfl, nocne 
Hero OTa oneMeHHas cMecb apo6htcs, HTo6bi 
nonyMHTb cbipbeaofi nnpoiuoK. 3tot nopoujoK 
3arpy>KaeTC!i b ooonoMKy, Korapaa doctomt no 
cyiAecTBy, HanpuMep, H3 cepeopa nnn era 
cnnaBa. OnepaL^a nnacTi/wecKoPi oopaooTKH 
npeflCTaBnaeT co6otf, HanpuMep, nyTeM 
BonoMeHne u npoKaiKy. nocne npoKaTKW 
npoBonoKy, KOTopoti np^flaHa cpopMa neHTbi, 
cneKaiOT npn TeMneparype npn6nu3UTenbno 
800-900°C, npennoMTHTenbHO 840-850°C, 

HTo6bl CBepXnpOBOflHMK, CHaoxeHHbit* 

oSonoMKOfi, npuo6pen BbicoKyio CTeneHb 

OpHeHTaLlUM H BblCOKVIO nnOTHOCTb 

KpnTMMecKoro Toica. flna U3roTOBneHu?i 
MHoro>KnrbHofi npoBonoKn HeKOTopoe nucno 
npoBonoK, nnnyMBHHbix nocne BonOMeHMs, 
co6npaeTCfl BMecTe n noABepraeTcs 
nnacTHwecraS o6pa6oTKe n cneKaHtfto. B 
onucaHHOM Bbiiue npoqecce mo>kho nonyMHTb 
npaKTMHecKM CBepxnpoBOAflinyio MOHocpasy, 
HMeiomyio BbicoKyio CTeneHb opneHTai4w/i, 3a 
CMeT KOM6MHai4nw nnacTUMecKotf o6pa6oTKK n 
cneKaHUd. >Knribi neHroo6pa3Hoii 
CBepxnpoBOflflineM npoBonoKU, nonyneHHbie c 
nOMOLUbto onucaHHoro Bbiwe cnoco6a, WMeioT 
npairrwMecKH oflHopoflHbie cBepxnpoBOflPi^ne 
cpa3bi b npoflonbHOM HanpaBneHnn neHToMHofl 

npOBOnOKM, B TO BpeMR K3K c-ocn 

CBepxnpoBOflHLUMX cpa3 opneHTnpoBaHbi no 
cymecTBy napannenbHo HanpaBneHnio 
ToniAUHbi neHTOMHOd npoBonoKn. Xwiw 
o6pa30BaHbi U3 KpucTannnMecKnx 3epeH b Bnoe 
xnonbeB, BbiTSHyTbix a npoflonbHOM 
HanpaBneHnn neHTOMHOPi npoBonow, KOTopbie 
npoMHO coeanHeHbi apyr c ApyroM. 
XnonbeBuiAHbie KpucTanniwecKue 3epHa 
ynoxeHbi b HanpaBneHnn TonmuHbi nemoHHoCi 
npoBonoKU. TaKafl neHToo6pa3Hafl 
CBepxnpoBOflaman npoBonoKa npaimmecKH He 
orpaHUMeHa b pa3Mepe, ho niweeT, Hanpniwiep, 
lunpuHy 1,0-10 mm, npeAnoMTMTenbHo 2-6 mm. b 
Tonii(MHy 0,05-1 mm, npeAnoMwenbHO 0.1-0,4 
mm. npn TaKnx paaMepax neHTOMHaa npoBonoKa, 
coflepjKamasi xnnbi c ynowaHyToH Bbiuje 

CTpyKTypO^, MOJKeT coxpaHHTb KpHTHMeCKyiO 

nnOTHOCTb TOKa, HanpuMep, 

4 ,10 3 -3,0.10 4 A/cm 2 . fleHTOMHaa npoBonoKa, 
coAepnomaji JKunbi c onucaHHOM Bbiuje 
cTpyKTypotf o6naAaeT OTHOcHTenbHoS 
ycToHMneocTbio k H3rn6y n coxpaH^eT BbicoKyio 
KpnTunecKyio nnOTHOCTb Toica, flaxce Kor^a ee 
noABepraioT onpeAeneHHOMy HanpnKeHMio 
H3rn6a, KaK 6yAeT onucaHO Hn>Ke. 



JleHToo6pa3Han 
CBepxnpoBOAfliiiaa npoBonoKa MOJKeT 
coflepxaTb ot 7 pp 10000 x<nn, 
npaflnoHTWTenbHo 37-1000 >Knn, 

B npeAno>KeHHOM npoeofle cepAeMHMK, 
KOToputf, KaK npaBUno, Ha3biBaioT KapKaooM, 
cnoco6eH Aep>KaTb neHToo6pa3Hbie 
CBepxnpoBOAniAne npoBonoKn noA 
Hanpa)KeHneM H3rn6a b 3aAaHHOM HHTepBane. 
3tot KapKac MMeeT AnnHy, HeoGxoflUMyio Ann 
CBepxnpoBOAwiAero Ka6enbHoro npoBOAa, n 
HaxoAHTCfl b L|eHTpe 3Toro npoBOAa. KapKac 
MMeeT npaKTMMecKn i^nnnHApuwecKyio Hnn 
cnnpanbHyio cpopMy, 4To6bi era moxcho 6bino 
o6MaThiBaTb neHTOHHbiMM npoBonoKaMM, m, KaK 
npaBuno, HMeeT npaianMecKH oAMHaKOBbiR 
A^aMeTp no BceCi nn\Ane. KapKac MO)«eT 
cocrosTb no cymecTBy no MSHbweti Mepe H3 
OAHora MaTepHana, Bbi6paHHOro H3 rpynnw, 
aicnioMaioLneM b ce6n, HanpuMep, Hep>KaBeioLi^yio 
cTanb, MeAb, anioMUHnti m ynpoMHeHHbiM 
bohokhom nnacTHK (FRP). 

ComacHo AaHHOMy n3o6peTeHnio KapKac 
BbinonHHeTCH npeAnoHTHTenbHo b BMAe 
Tpy6MaToro sneMeHTa, o6naAaiciAero 
ruGKOCTbio HanpuMep, bo3mo>kho 

npeflnoMTHTenbHoe npuMeHeHne Tpy6KH co 
cnnpanbHOPi KaHaBKO^ (Huxe HMeHyeMOfl KaK 
cnnDanbHaa Tpy6Ka) b KanecTBe Kapoca, 
UMe»w,ero AOCTaTOMHyio npoHHocTb v, rn6<ocTb 
(4>nr. 1). roa>pnpoBaHHaa Tpy6Ka, coAep>Kamaji 
rocppu, TaioKe MO«eT 6biTb npeAnoMTHTenbHO 
ucnonbsoeaHa b KawecTBe KapKaca, KaK 
noKaaaHO Ha cpnr.2. Ha cpur. 1 n 2 o6o3HaneHMa 

Rl M R2 0603HaMaiOT, COOTBSTCTBeHHO, 

Hapy>«Hbie A^aMeTpbi, T1 n T 2 TonLU,KHy, n 
P2 - uar n D1 n D2 aasopw. KpoMe toto, 
KapKac mokbt 6biTb TaioKe n3roTOBneH H3 
CKpyweHHoro b bha© cnnpann MaTepnana, 
Hanpi/Mep, tsk Ha3biBaeMoti cnuparibnoPi 
cranbHoii nonocbi, noKa3aHHOii Ha tjDnr.3. nio6oe 
m 3THX KOHCTpyKTHBHblX BbinonHeHMti cnoco6HO 
o6ecneHHTb KapKac flocTaTOHHofi rn6K0CTbK3. 
CnnpanbHa« TpygKa v\m rocppupoBaHHaB 
Tpy6Ka MO>KeT 6biTb TaioKe BbinoriHeHa ns 
HepwaBeiomeW cTann, MeAH, anioMUHun kinn 
FRP. rn6Kn£i KapKac o6ecneMHBaeTcn rn6K0CTb 
npeAno)KeHHoro npoBOfla. 3tot rn6KM« npoBOA 
Momer 6biTb HaMDTaH Ha 6apa6aH. 

CornacHO flaHHOMy n306peTeHMio mo>kho 
HaMOTaTb Ha KapKac ot HecKonbKnx necwTKOB ao 
TbicHM neHToo6pa3Hbix MHora«nnbHbix 
GBepxnpoBOA^iAnx npoBonoK. fieHTOHHbie 
npoBonoKH HaMaTbiBa«Tc« no MeHbiiieCi Mepe b 
ABa nnn 6onee cnoeB, npuMeM nx ocHOBHbie 
noBepxHocTki oSpaujeHbi k KapKacy, Ka>KAbi« 
cno« MoxeT 6biTb ccpopMnpoBaH H3 
nponsBonbHoro Mucna neHTOHHbix npoBonoK. 
KorAa HecKonbKO flecaTKOB neHTOMHbix 
npoBonoK HaMOTaHO Ha KapKac napannenbHo 
Apyr AP/ry, TaK hto noBepXHOCTb KapKaca 
aanonHeHa mmh, Ha hhx HaMaTbiBaeTcs eiAe 
HecKonbKO AecHTKOB neHTOMHbix npoBonoK. 
KorAa Ha nepBbiti cnofi HaMOTaHO AocTaraMHoe 
KonnqecTBO neHTOMHbix npoBonoK b bha© 
BToporo cnofi Ha hmx HaMaTbisaeTcn TpeTUfi 
cnoii neHTOMHbix npoBonoK. Me>Kfly Ka>KAo« 
coceAHeii napofi cnoeB yK/iaflbiBaeTcs 
H3onHL(MOHHbiM cno«. 

CornacHO AaHHOMy M3o6peTeHHio Ka>KAaa 
neHToo6pa3Haa MHoroKunbHaH oKcuflHan 
CBepxnpoBOAfliAaa npoBonoKa HaMaTbiBaeTcn 
Ha KapKac, HanpuMep, Ka< noKa3aHO Ha cpur. 4. 
Ha qbnr.4 neHTOMHaa npoBonoKa 1 1 
HaMaTbiBaeTCfl Ha KapKac 10, 



aaflaHHbiH AnaMeTp, npn HanpfweHMH M3rn6a 
wnw KpnBH3He b 3aaaHH0M HHTepaane u c ujaroM 
(P) 3aflaHHoro HHTepBa/ia. npn stom ocHOBHaa 
noBepxHocTb 11a jichtohhom npoBonoKn 11 
o6paaieHa k Kapracy 10. CneflOBaTenbwo, 

OTHOCHTSnbHO CB060flHbltf H3TM6 

npuKnaflbiBaeTcs k neHTOHHofi npoBonoice 11 a 
npo^ojibHoy HanpaBneHnn. Ecnn sto 
Hanps«eHne narn6a onpeflexiseTCfl b 
cooTBeTCTBHn c npuBefleHHOfi HM>Ke cpopMynofi, 
JieHToHHan npoBonoKa 11, KOTopaa HaMcrraHa Ha 
KapKac 10, n3rn6aeTCfl npu HanpHxeHnn H3rn6a 
He Bonee 0,5% npeflnoHTHTenbHo, He 6onee 

0,3% CBepxnpOBOflHMOCTb neHTOHHOM 

npoBonoKn 1 1 spsfl nu yxyflwuTCp npn raKCM 
HanpfweHHH H3rn6a no cpaBHenuio co 

CBepxnpOBOflUMOCTbkD B npflMOJlMHeMHOM 
COCTOflHHM. 

Hanpa>KeHne H3rn6a (% ) (ronL^nHa 
neHTOo6pa3HoPi cBepxnpoBOAflLAeii 
npoBonoKn/(AnaMeTp W3rn6a + ee 
Tonii^nHa)) . 130. 

Korfla neHToaSpasHas CBeDxnpoBOflflii|as 
npoBonoKa TonniHHoti t cnnpanbHO 
HaMaTbisaeTCfl Ha KapKac, iAMetou\^Si fluaweTD 
D, c inaroM P, n3rn6acLuee HanpsweHwe E 
nonyMaioT cornacHo cneflyioineMy ypaBHeHwo 
CornacHo flaHHOMy n3o6peTeHwo 

npeflnoHTMTejibHo ycTaHOBHTb t&kovi ujar P n 
fluawieTp D Kapraca, MTo6bi HanptweHMe M3ru6a 
E 6bino He 6onee 0,3% 

Et.100/(Di+t) 

Di-(P 2 + (,cD)Y/ n 

CornacHo flaHHOwy n3o6peTeHuto Kaxflaa 
neHTQo6pa3Hap OKCUAHas CBepxnpoBOAamafl 
npoBonoKa npeflnoMTMTenbHO HaMaTbmaeTcn Ha 
KapKac c naTflx<eHneM He 6onee 2 Kr/cpyT, 
HanpuMep b HHTepBane 0,5-2 <rldpyr. 

CepaeHHUK (KapKac) MoxeT 6biTb Bbino/weH 
nw6o M3 9neKTpoM3on?mnoHHoro Maiepnana, 
nn6o H3 aneiapuMecKoro npoBoflHHKa. 
3neKTpon3onfli4naHHaiki MaTepnan 
npeflnoMTHTejieH c tomw 3peHnq CHUKeHna 
noTepb Ha nepeMeHHOM ToKe, a to BpeMa ksk 
weTann, flBnqiomwiicfl 9jieKTpnMecKHM 
npoBOflHUKOM, npeflnoMTHTeneH c tomkh apeHns 
npoHHOc™. MeTannnnecKOM rpyBKe co 
cnwpanbHofi KanaBKOM hjim MeTannwHecKoii 
rocppupoBaHHOM rpy6Ke OTAaeTCs oco6oe 
npeflnomeHne rate cepfleMHUKy Anq npuflaHns 
npoBOfly ™6kocth c coxpaHeHneM ero 
npoMHocTn. MeTajinHHecKHti cepfleMHMK MOKeT 
SbiTb T3K>Ke HcnonbsosaH A^f nepefla^n 
anoMaiibHoro TOKa nocne aBapnn B stom 
cnyMae, mojkho yciaHOBHTb onTHManbHoe 
conpoTUBneHHe cepfleMHMKa c tomkm speHns 
noTepb Ha nepeMeHHOM TOKe b npoBofle n 
Harpy3Ke cepflenHUKa flna 3Toro aHOManbHoro 

Ecjih B KaMecTBe cepfleHHUKa ncnonbsyercR 
weTa/innHecKafl Tpy6Ka co cnnpajibHoK 
KaHaBKod nnn MeTanjinqecKas rocppuposaHHan 
Tpy6Ka, npeflno>KeHHbiPi npoBOfl iwo>KeT Tao<e 
coflepwaTb MeTaniiMMecKyio neHTy, KOTopan 
HaMaTbiBaeTcR Ha cepaeHHUK no cnnpann, n 
H3onsL^noHHyic neHTy, HaMaTbiBaeMyo no 
cnMpann Ha poBHyio nosepxHocTb, 
o6pa30BaHHyic MeTa/innnecKoii neHTofi. 
MeTanjinHecKafi newa moxc&t o6pa30BbiBaTb 
poBHyio noBepxHocTb a™ noKpuinn KaHasoK 
cepAeMHUKa tskum o6pa30M, mto6u 
CBepxnpoBOflniL|ne neHTbi He BbinsnHBanncb sa 
CMeT stux KaHaBOK, v\ atip npneMa 
cBepxnpoBOfljiiunx jisht, Bo3mo>kho 3aKpbiTb 
KaHaBKM, DoxpaHnn rn6K0CTb cepAeMHUKa, nyteM 



n MeTanrnHecKofl neHTbi, H3on?iL(noHHafl 
neHTa, KOTopaq HaiuaTbiBaeTCfl Ha 
MeTannmecKyio neHTy, npeceraeT 

3neKTDHHeci«yio CB«3b Me>Kfly cepflBMHUKOM, 
MeTannmecKoPI neHTofi n cBepxnpoBOAqii(MMH 
jieHTaMn. M3onflL\HOHHyio neHTy mo>kho 
saueHHTb 3neKTpon3onflL(MOHHbiM cnoeM, 
coctoslumm no cymecTBy H3 APyroro waTepnana. 
Ecnn cepAeMHMK BbinonHeH m MeTanna, 
npeAnoHTHTenbHo, hto6u oh 6bin sneKTpunecKH 
H3onnpoBaH ot cBepxnpoBOAHinnx neHT, 

CornacHo AaHHOMy M3o6peTeHnio 
3neKTpon3onHL(uoHHbifi cnoM BbinonHneTcs no 
M6Hbiue« iwepe Mex<Ay cnoaMn, KaxcAwfl M3 

KOTOpblX CCpOpMUpOBaH H3 HECKOJ1bKHX 

CBepxnpoBOflHU4nx neHT. Kpoiuie Toro, mokho 
TaioKe BBecTM aneKTponsonfii^MOHHbiti cnoti 
Me>KAy HecKojibKMMn pacnono>KeHHbiMH 
BnnoTHyio neHToo6pa3HbiMM 
CBepxnpoBOA»u;nMM npoBonoKaMn no MeHbiuei?i 
Mepe b jiio6om us 3Toro nncna cnoeB. Ecnn 
cepAenHMK coctomt no cymecTBy m weTanna, 
KaK onwcaHo Bbinie, 3neiapoii3onflunaHHbiti cnoii 
npeAnoMTnTenbHo Taeice BbinonHfiTb Me)KAy 
cepAeHHMKOM n neHToo6pa3HbiMn 

CBepxnpoBOASU4HMi^ nposonoKaMU B KaMecTBe 
axibTepHaTMBbi, Ha cepAeMHMK mokbt 6biTb 
1 HeKOTopoe MMCTIO neHTDD6pa3HblX 
: cBepxnpoBOAflmnx npoBonoK, 
npeflBapnTenbHo noxpbiTbix n3on(mnoHHbiMn 
cnonMM. CornacHo AaHHOMy H3o6peTeHMio 
n3onsL|MOHHb^ cnoti npeceKaeT sneKTpuMecKyio 

CB33b Me>KAy CBepxnpOBOAHLJ^MMH neHTaMU, 

CHMiKafl TaKMM o6pa30M noTepn npoBOfla na 
nepeMeHHOM TOKe. 

Ha cpur, 5 n 6 noKa3aHa TunnMnaa M3onflL(M3 
Mex^qy cnoaMU n n3onfli^nq Me>Kfly 
CBepxnpoBOflflU4HMH npDBonoKHMn r chghx 
H3oxiPiL^noHHbie MaTepnanu 50 pacnonoweHbi 
cooTaeTCTBeHHc Mewiy CBepxnpoBOAainuMn 
xnnaMn 51. MewcnonHbii* M3onBi4noHHbiK cjiom 
60 pacnonon<eH Me>KAy nepBbiM n btopbim 

C/10HMM 61 H 62, KDTOpblS 06pa3OBaHbl 
3aflaHHbiM MucnoM cBepxnpoBoflninnx neHT, b to 
Bpeiws ksk BTopoii cnoCi 61 Taoxe noKpbiT 
n3onfii4MOHHbiM cnoeM 65. H3oriflL(noHHbie 
MaTepnanbi 50 o6pa30BaHbl LUHypoo6pa3HbiMH 
n/in neHTOo6pa3HbiMn aneMeHTawn, KOTopue 
cnnpanbHo HaMOTaHbi Ha sepAeMHUK 55. 
MeaoxnofiHbiPi n3onqunoHHbi(i cnoii 60 n 
n3onqL|noHHbif1 cnoii 65 MonyT 6biTb 
ctpopMMpoBaHbi us ninpoKnx neHroo6pa3Hbix 
hhh naTiocooepa3Hbix sneMeHTOB. 3tm 
MaTepnanw HawiaTbiBaioTCFi no cnnpann Ha 
XMnw 51 . 

CornacHo AanHowiy H3o6peTeHMio 
MaTepnanu, M3onnpyK)inne cepAeHHMKH, 
npeflnoMTHTenbHo MMeioT cpopiuy 

neHT006pa3Hbix nnn UJHypoo6pa3Hbix 
snewieHTOB, HTo6bi coxpaHHTb rn6KOCTb 
cepAeMHUKa m nonyMHTb cBepxnpoBOAqinn'i 
Ka6enbHbiti npoBDA Hy>KHoii i-h6kocth. 
CneAosaTenbHO, 3neKTpon3onjmnoHHbiii cnoM 
TaiOKe npeAnoMTHTenbHo qbopMnpyeTca ns 
neHTOo6paaHbix unn LUHypc>o6pa3Hbix 
snewieHTOB. npn stoivi mo>kho cqbopiwwpoBaTb 
n3onaL4noHHbiii cnod nyTew cnnpanbHoii 
HaMOTKH M3on«L(noHHoPi neHTbi unn 
M3onsL(noHHoro wnypa b npoAoribHOM 
HanpasneHnu cepfleHHUKa. l/l3onflLjnoHHafl 
neHTa nnn ujHyp Mo>KeT 6biTb Ha motbh c 
HaTqweHHeM, Hanpniviep, 0,5-2 Kr/c£yT. 

flnn co3AaHns sneiapoMsonflL^noHHoro cnoR 
Me>KAy HecKonbKHMM pacnono>KeHHbiMn 
BnnoTHyio ceepxnpoBOAHL^MMH neHTaMU 
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Ka>Kfloro cnoa mojkho ncnojib30BaTb, HanpuMep, 
cBepxnpoBoflflmne neHTbi, npeABapnTenbHo 
nojiHocTbio noKpbiTbie n3onaL(nen OflHaro 
OTHOcurenbHo rpyflHo yflosneTBopnTenbHo 
noKpbiTb n3onBLineii noBepxHocru nnocKnx neHT, 
oco6eHHO, Ha MX KpoMKax, m sto floporocToamaa 
onepaquq. Ecnn ynownTb cBepxnpoBOAfl'une 
neHTbi, He niweiomne noKpbiTun Ha KpoMKax, 
BnnoTHyio, we>Kfly humm BOSHMKHeT 
aneKTpuMecKafi cBfl3b. Ecnn Me)«fly 
CBepxnDOBOflFimnMn neHraMU, ynoweHHbiMn 
snriOTHyio flpyr k flpyry oahum cnoeM, nweercn 
3reKTpon3onHL(MOHHbiPi cnoti, rorfla 
npeflncwTWTe/ibHO pacnono>KMTb n3onflu,noHHyio 
neHTy KaK noi<a3aHo Ha cpur 7. Ha cpnr.7 
Ka>Kflan naonHLjuoHHaH neHia 70 pacnonaraeTca 
Me>KAy ooceflHUMn OBepxnpoBOAaiUMMH 
neHTaMn 71 h 71'. M3onfli_|noHHafl neHTa 70 
HaMOTaHa no cnnpann BAonb CBepxnpoeoflflu^nx 
neHT 71 n 71', HTo6bi noKpbiTb OflHy ocHOBHyio 
noBepxHOdb 71a cBepxnpoBOflSi^efl neHTbi 71, 
a TaiOKe OflHy ocHOBHyio noBepxHocTb 7"b 
CBepxnpoBOflHLueM neHTbi 71', Mhwmh cnoBaMn, 
nsonflL(noHHaH neHTa 70 noKpbiBaeT ocHOBHyto 
noBepxHocTb 71a cBepxnpoBOflflinen neHTbi 71, 
Korapafl HaxoflwTcq 6nn>Ke k cepfleMHUKy, n 
ocHOBHyio noaepxHOCTb Apyron 

CBepxnpoBOflflmeti neHThi 71', raropafl 
pacnonoxceHa HanpoTMB cepfleMHUKa b napax 
npoTnBonono>KHbix ocHOBHbix noBepxHocTen 
(noeepxHOCTM 71a n 71b neHTbi 71 n 
noBepxHOCTn 71a n 71 'b neHTbi 71') 
cooTBeTCTBeHHo neHT 71 u 71'. 3a cneT TaKon 
KOiunoHOBKM oflHa M3 cBepxnpoBOAfiiAnx neHT 
nonHOCTbio n3onnDOBaHa ot APyron peiuas 
Ta«MM oGpasoM ynoMHHyTyio Bbiwe npoonewy 
KpoMowHbix MacTen. KpoMe Toro, mojkho TaKxe 
n3onnpoBaTb cnou flpyr ot Apyra nyTeM hsmotkm 
n30nn 4 noHHon neHTbi npnoefleHHbiM Bbiuje 
cnoco6oM. 

H3onnm40HHbiR cnoPi MoxeT 6biTb BbinonneH 
H3 nsonflL(noHHoro MaTepnana, HanpuMep, 
KanTOHa (kapton waTepnan Ha ocnoBe 
nonnaMnAa), nonnnponnneHOBon cnoncTon 
6yMarn (PPLP), nomsTuneHa (PE) win 
KpacpTOEoPI oyMarn, npn stom nsonfli^oHHbiM 
MaTepnan npeflnoMTnTenbHo He AonxeH 
o6naflaTb t3khmh HeflocTaTKaMM , ksk 
pacrrpecKHBaHHe b >khakom aaoTe, 
HsonaunoHHbiii MaTepnan Ann o6paaoBaHns 
nsonflL^noHHoro cnoq ncnonbsyeTcsq b BUfle 
6yMarn, nncTa, nneHKH, TKaHM nnn neHTbi. 
npeflnoMTMTenbHajq TonmnHa nsonfli^noHHoro 
cnon He flonxHbi 6biTb 6onee 0,1 mm, HTo6bi 
o6ecnewMTb KOMnaKTHOCTb npoBOAa. C Apyron 

CTOpOHbl, H30nflU,HOHHblM CnoPi, KOTOpblM 6blH 

paHee ccfcopMnpoBaH Ha Ka>KAotf 
cBepxnpoBOAfliMePi neHTe, coctout, HanpuMep, 
npefinoHTMTenbHO no cymecTBy, M3 aMann. 

CornacHO AaHHOiuy n306peTeHnio mowho 
ncnonb30BaTb neHTOo6pa3Hbie MHorownnbHbie 
npoBonoKH c KpyneHbiMn (TBncTkipoBaHHbiMW) 
wnnaMM. Ha qbnr.8 M306pa>KeHa TaKaq 
CBepxnpoBOAai^a^ npoBonoica, Ha stoR cpurype 
wnnw 2, o6pasyiomMe cBepxnpoBOAflinyio 
MHoro>KnnbHyK) npoBonoicy 1 cKpy^eHbi, 
Hanpuwep, c aaflaHHbiM niaroM L. 3a cneT TSKcro 

CKpyqUBaHHfl mn 2 HHAyKUHOHHbl(i TOK, 

npoxoAflLUHfi Me>KAy CTa6nnn3npy(0U4HM 
MeTannoM 3 n wnnaMM 2 pa3flenfleTCH b Ka>KflOM 
luare 3aKpynnBaHMH L Ha ManeHbKne neTnn, n, 

orpaHnqeHa. TawM o6pa30M, noAaBJiqeTca 
BWAeneHne Tenna flxoynw b GTa6nnn3npyiou4eM 
MeTanne 3 n cHn>KaK>TCfl noTepn Ha 



nepeMeHHOM TOKe no cpaBHeHnio co 
cBepxnpoBOAfliLieti npoBonoKOM, xwibi KOTopoii 
He cicpyHeHbi. Mowho W3roTOBHTb MHoro«nnbHyio 
npoBonoKy oo CKpyneHHUMH wvinaMH 
cneayioiAUM o6pa30M. CHanana HeKorapoe 
HMcno OAHO>KnnbHbix npoBonoK, xnnbi Korapux 
BbinonHeHbi ns oKCMAHOro caepxnpoBOAHnKa, 
3annioMaioTCFi a MeTannnnecKyio Tpy6Ky, m 9Ty 
MeTannnnecKyK) Tpy6Ky BbiTarnBaioT b 
npoBonoKy. 3aTeM 3Ty npoBonoKy CKpynneaioT b 
coctohhi/ih KpyrnoPi npoeonoKn, hto6h 
ccpopMnpoBaTb BnTbie sKunu. riocne araro, 
npoBonoKy BHOBb BbiTq.-waaioT, a 3aTeM 
nporaTbiBaioT n TepMoo6pa6aTbiBaioT. 3a cneT 
TaKnx onepai4ntf anaMeTp n raninnHa Kv\n 
usMeHaiOTCfl bo BpeMfl EonoHeHnq, nporaTKn u 
T.n. npnMeM nx BnTaa cpopMa coxpaHaeTCH. npn 
KpyneHnu, BononeHnu w nporaTKe mar 
saKpynnBaHna npeAnoHTMTenbHo 
ycTanaannBaeTcq Ha ypoBHe, npeBbiuaiOLAeM 
6onee msm b riBTb pas, a npeflnoHTHTenbHo, b 
flecHTb paa, fluaMeTp cKpynHBaeMofi npoaonoKM. 
TaK hto npoBonoKa He pa3AenneTcq. 

CBepxnpoBOAHLnnR Ka6enbHbiCi npoBoa 
comacHO AaHHOMy H3o6peTeHMio o6naAaeT 
TaKOfi rn6K0CTbio, Korapaa npaKTnnecKn He 
yxyALi'aeTCfl p,axe raraa era H3rn6aioT c 
AnaMeTpoiui M3rn6a pp 1,5 m, npeAnoMTHTenbHO 
2,6 m. 3tot npoBOA MOweT HaMaTbiBaTbcn Ha 
6apa6aH Ann xpaHeHMB n TpaHcnopTupoBKn. 

CornacHO AaHHOMy n3o6peTeHnio mojkho 
nonynnTb nrinHHhiCl okchahnm 

cBepxnpoBOAflmHfl Ka6enbHbin npoBOA, 
o6jiaaaioLLinPi He TonbKO rn6KocTbio, ho m 

OTnMHHOB CBepXnpOBOflMMOCTblO. B ashhom 

M3o6peTeHnn BnxpeBOti tok unn tok 
cx>epy\nenm, nepeAaBaeMbiCi Mex<ny n 
npoxoflsmnii nepe3 CBepxnpoBOAHi^ne neHTbi, 
noflaBJineTcfl M3o/ifli^vioHHbiM cnoeiw, 
npeAycMOTpeHHWM flaHHUM n3oGpeT8HMeM. 
Bnaroflapq sTOMy n3onaLinoHHOMy cnoio mokho 
CHH3MTb noTepn xnnbi Ha nepeMeHHOM toks no 
MeHbLuePi Mepe Ha nopnflOK. CornacHO AaHHOMy 
n3o6peT6Hnio npeAnaraeTcq Apyroii npoBOA Ans 
npaKTWHBCKoro npnMSHeHna b 

CBepxnpoBOflHLAeM Ka5ene pnn nepeMeHHoro 

T0K3. 

Hnxe cneayeT noflpo6Hoe onncaHiie 
AaHHoro n3o5peTeHHfl. 

HccneAOBaHMs HanpuxeHun n3rM6a b 
GBepxnpoBOflHLAen neHTe, HaMOTaHHofl Ha 
KapKac. 

Okchaw nnn KapbOHaTbi nepeMeninBanncb 
npn cneflytou^eM cooTHOLueHnn Bi, Pb, Sr, Ca n 
Cu b cocTaBe: 1,84:0,36:1,99:2,18:3,00. 3tot 
CMeiuaHHbin nopoLUOK noflBeprann 

Tepwoo6pa6oTKe pp nonyneHnfl nopoiiiKa, 
coflepnoiAero 85% cpa3bi 2212 n 15% cpasu 
2223 KaK CBepxnpoBOflJimne qbasbi, b to jkb 
BpeMq coxpaHna b oohobhom (Ca 1 Sr) 2 Pb0 4 v\ 
Ca 2CUO3 b KanecTBe HecBepxnpoBOflsqu^MX o>a3, 
06pa6oTaHHbifi TaKniw o6pa30M nopomoK 
3arpy>Kann b cepe6pqHyio TpyeKy c BHeujHUM 
AnaweTpoM 12 mm n BHyTpeHHnM A^aweTpoM 9 
mm, 3Ty cepe6paHyio Tpy6Ky BbiTHrnaann flo 
flnaweTpa 1,3 mm OnpefleneHHoe nucno >Knn, 
nonyneHHbix tskum o6pa30M, noMeu^ann a 
cepe6paHyio Tpy6Ky aaflaHHoro pa3Mepa, 3Ty 
cepe6pwHyio Tpy6xy BbiTwrnBann ao flnaMeTpa 
1,0 mm. nonyneHHyio npoBonony noflBeprann 
TepMOo6pa6oTKe npn 845°C b TeneHne 55 H, 
nocne Hero npoKaTNBann npn BbiTame Ha 15% 
nonyneHHyio neHTOHHyio npaBonony noABeprann 
TepMOo6pa6oTKe npn 838°C b TeneHne 48 4. C 
noMombio ynoMSHyToro cnoco6a 6bino 
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no/iyMeHo wecTb bhaob neHTOoSpaaHofi 
CBepxnpoBOflflLueK npoBonoKH, noKa3aHHbix b 
Ta6ji.1. KpniMMecKne iuiothocth TOKa (Jc) gthx 

JieHTOMHblX npOBOJlOK H3MepRTlH B JKHflKOM 

aaoTe, Korfla neHT04Hbie npoBonoKn Maxoflnnnch 
b npfnuonnHetfHOM coctohhhm h Koraa ohh 6buin 
naorHyTbi c 3aflaHHbiMM fluaiweTpaMH H3ri/i6a B 
Ta6ji.2 noKa3aHbi BennquHbi KpnTHMecKnx 
nnoTHOGTeM TOKa Jc, KOTopbie 6binn H3MepeHbi 
Ana nFiTM Hanp^MceHnii u 3 rnoa. KaK bhaho H3 

TS6n. 1 M 2, CHUXeH^B KPHTHHBCKOfi nHOTHOCTU 

TOKa Jc npoBonoKn, k Koropofi 6bino npnnoweHo 
Hanpq«eHne H3rn6a, yMeHbwaercfl c 
yiweHbiiieHneM npou,eHra TonLL|HHbi 
cBepxnpoaoflHWKa or mniAHHbi npoBOjioKW. 3tot 
npoL^BHT npeflnoMTHTejibHO cocTaBJineT He 
Gonee 10% C flpyroS ctopohu, Ka«nan 
npoBonoKa npeflnoMTMTeribHO coflepmuT no 
MeHbiueM Mepe 37 jkhji. B CBepxnpoBOAflLL(eii 
npoBonoKe, coflepjRamefi no MeHbwePi Mepe 51 
>KHJiy, KpnTHMecKaw nnoTHocrb TOKa Jc He 
yMSHbiuaeTCH cywecrBeHHo npH U3rn6e Ha 0,5% 

flCHO, HTO MOWHO Ha npaKTMKe Bblflep>KHBaTb 

H3m6 MHoroxuinbHoCi cBepxnpoBOflstineW 
npoBonoKH, nonyneHHOti comacHO ynoMAHyroMy 
Bbinie cnoco6y, npn Hanp^xeHnn narn6a He 
Bonee 0,5% npeAncwHTenbHo He 6onee 0,3% 
MaMeHeHne ncrepb Ha nepeMeHHOM TOKe, 
Bi 2 0 3l PbO, SrC0 3 , CaC0 3 v\ CuO 
nepeMeninBajin, HTo6bi nojiymrrb cocTaB c 
coflepwaHMeM Bi, Pb, Sr, Ca n Cu b 
oooTHOLueHUfix 1 ,81 :0,40:1 ,98:2,21 :3,03. 
nepeMewaHHbifl noponiOK noflseprajiu 
repMoo6pa6oTKe HecicojibKo paa c APo6neHneM 
nocne KajKflOM onepa 4 nn repMoo6pa6oTKM. 
nopoiiioK, nonyHeHHbifi noc/ie TepMoo6pa6oTKn 
n flpo6jieHn«, eme pa3 H3MejibMann b wapoaoti 
MejibHUi^e, qra6bi nonyMurb nopoiuoK Ha 
cyGMMKpoHHOM ypoBHe. 3T0T nopoLUOK 
noflBepran^ TepMoo6pa6oTKe npn 80Q°C b 
reqeHMe 2 h h aarpywanH b cepe6pHHy>o Tpy6Ky 

0 BHeLUHHM flUaMeTpOM 12 MM H BHyTpeHHMM 

A^aMeTpoM 9 mm. 

Cepe6psHyto Tpy6Ky c nopowKOM 
BbiTflrnBann n paapeaariM Ha HecKonbxo 
npoBonoK, KOTopbie aaTeM noMem,anncb b 
Apyryio cepe6pflHyio TpySKy c BHeiuHHM 
fluaMeTpoM 12 mm n BHyrpeHHUM fluaMeTpoM 9 

MM, MT06bl H3rOTOBHTb MHoroKaHanhHyK) 

npoBonoKy, coflepxcaiiiyKj 61 xii/iy. 3Ty 
MHoroKaHanbHyic npoBonoKy em,e pa3 
noflBeprann Bono^eHwo, npoKaTbisajin flo 

LUHPHHW 3,0 MM M TOJllUHHbl 0,22 mm, a aaTeM 

noflBeprann TepMoo6pa6oTKe. nocne 3roro 
nposonoKy npoKaTbiBa/w no roninnHbi 0,20 mm m 
BHOBb TepMoo6pa6aTbiBann, nonynaa tskhm 
o6pa30M noupbiTyho cepeBpoM 

caepxnpoBOfljiinyK) npoBonony H3 okhcm 
BMCMyra, coflepramyw 61 wrniy. 

3areM cTajibHyto neHTy rojiLUMHofi 0,33 mm m 
LunpuHoR 10 mm HaMaTbiBajin no cnnpann ans 
nojiyneHUfl KapKaca c HapyjKHbiw fluaweTpoM R 

19 mm niaroM Kpyren L 4 mm h aaaopoM D 2 mm, 
KaK noKaaaHO wa 4)nr.9. 

nonyMeHHbie onucaHHbiM Bbiiue cnoco6oM 

20 reHT006pa3HblX MHOrOXHJlbHblX 

CBepxnpoBOflfliiii^x npoBonoK HaMaTbiBann no 
cnnpajin Ha KapKac BnjiOTHyio flpyr npyry npn 
ware aaKpy-iMBaHUH 250 mm. Ha qbur. 10(a) 
noKaaaH BUfl b ceneHMM nojiyHeHHoro 
oflHocnoiiHoro npoeoAa. Ha stoR cpurype 
cBepxnpoBOflflin^e MHoroxwibHbie npoBo/ioKn 
11 HaMOTaHbi Ha KapKac 10 BnnoTHyfo flpyr k 
Apyry. nonyHeHHbifl oflHocnofiHbi^ npoBOfl men 
sennHMHy KpntHHecKoro tokb (Ic) 550 A. 



Hocjie 3Toro 22 CBepxnpoBoAfli^wx 
MHoroxuribHbix npoeonoKn HaMaTbiBann no 
cnnpann Ha OAHocno^HbiPi npoBOA BnnoTHyio 
APyr k Apyry npH uare aaKpynnaaHUP 250 mm, b 
HanpaBnennH, npoTHBonojioxHOM HanpaaneHMio 
HaMOTKM nepaoro cjioa. Ha cpur. 10(b) 
n3o6paKBH bha b ceweHnn nojiyneHHoro 
AByxcnowHoro npoBOAa. CBepxnpoBOfl^Lnne 
MHoroxcunbHbie npoBonoKn 1 1 ' HaMaTbiBajincb 
Aanee Ha cBepxnpoBOAflw,ne npoBonoKM 11, 
HaMOTaHHbfe Ha KapKac 10. KpurnMecKUti tok Ic 
nonyneHHoro AsyxonodHoro npoBOAa cocTaBJinn 
850 A. 

B 3tom nposoAe BennHMHa noTepb Ha 
nepeMeHHOM To«e M3Mep^nacb b coctohhmm 
oflHocjio^Horo nposofla, coAepwau^ero 20 xnn, 
n AByxcnofiHoro npoBOAa, coAepxaaiero 42 
acwibi. Ha qbnr.11 M3o6paKeHbi 3aBWCHMOCTW 
M&«Ay BeriHHMHaMH noTepb Ha nepeMeHHOM 
TOKe na OAHy *njiy n TOKaMM Bo36y>KAeHns atis 
coorBeTCTBywiAMx onyMaeB. Ha stoS xb cpurype 
TaiOKe noKaaaHa 3aBncnMocTb Me>KAy noTep^MM 
Ha nepeMeHHOM TOKe v\ tokom B036yx<AeHi/is b 
KawAoR x<njie, HMeioLL(efl KpMTMHecKUM tok Ic 
BenMMHHoPi 20 A, KOTopbifi H3Mepann nepeA 
H3roTOBTieHneM npoaoAa. Ha cpur. 11 nepHbie 
KpyKOHKM, 6e/ibie KpyxowKH m MepHbie 
TpeyronbHHKn cootbbtctbshho noKa3biBaioT 
M3MepeHHbie BenuMMHbi pr\n Ka>KAoS >Knnbi, 
OAHOcnoCiHoro h AByxcnotiHoro npoBOAa. KaK 
n3o6paxeHO Ha cpnr.11, OAHocnoPiHbiPi npoBOA 
npoRBnpq xapaicrepHCTkiKH nepeMeHHoro TOKa, 
npaKTHHecKn MAeHTHMHbie stum xb 
xapaKTepwcTHKaM HecoSpaHHod «nribi. B 
AByxcno^HOM npoBOAe, c oahoR ctopohw, 
noTepb Ha nepeMeHHOM TOKe Ha oflHy wmiy 
BoapacTaiiM no cpaBHeHHio c noTepuMM b 
oTAenbHoR *Mne. 3tmm 3KcnepMMeHTOM 6biAO 
AOKa3aHo, mto OAHocno^HbiPi npoBOA HMeeT 
MeHbLue noTepn Ha nepeMeHHOM TOKe, neM 
MHorocnowHoiM. npeAnonaranocb, hto 3to 
o6-bPcH?ieTCfl o6pa3oeaHneM BHxpeeoro toks 
hiw\ TOKa aaeA^HeHHfl, nepeAaaaeMoro n 
npoxoflHiAero Hepe3 cnon, Hero HeT b 
OAHOcno(iHOM npoBOAe. fln^ npoBepKW sto^ 
rnnoTe 3 bi Sbini^ M3roTOBreHbi CBepxnpoBOAHMK^, 
CHa6)KeHHbie naonfiunoHHbiM MaTepnanoM 
Me«Ay cnoaMH nnn oTce^KM 

OTieKTponpOBOAHMOCTH, HTo6bl T3KHM 06pa30M 

CHM3HTb noTepu Ha r-epBMeHHOM loKe b 
MHorocnoiiHux npoBOAax. 
npHMep 1 

20 MHorroKMfibHbix npoBOJioK, nonyneHHbix 
onMcaHHbiM Bbiiiie cnoco6oM, HaMaTbiBajin Ha 
Kapxac H3 cnnpanbHoii Tpy6Kn c HapywHbiM 
AHaweTpoM 19 mm m totiiahhom 0,3 mm c 
aasopoM 2 mm npH ujare 4 mm, kbk H3o6pa>KeHo 
Ha tpnr.1, BnnoTHyio APyr k APyry. 3th 
npoBonoKn HaMaTbiBariH c ujaroM 25C mm. 
3aTeM H3onf)U,MOHHbiiS MaTepnari, 
H3roTOBneHHbin H3 6yMarn PPLP tothamhoCi 140 

MMKDOH H UJUPMHOM 30 MM CnMpaTlbHO 

HaMaTbiBanH Ha MHoroxwibHbie npoBOjioKH b 
oamh cnon c niaroM 40 mm h 3asopoM 0,5 mm. 
nocne SToro 22 >Ki/inbi, HAeHTHHHblx onncaHHbiM 
Bbiiue, cnnpaiibHO HaMaTbiBajin cBepxy c niaroM 
250 mm b HanpaBJieHnu, npoTHBononoxHOM 
HanpaBjneHHio hbmotkh nepBbix npoBOJioK, 

Ha cpur. 12 n 13 H3o6pa)«eH nonyHeHHbiti 
npoBOA B nojiyweHHOM AeyxanoPiHOM npoBOAe 
npoBonoKn 11 HaMOTaHbi Ha KapKac 10 
BnnoTHyio APyr k APyry Ana o6pa30BaHHn 
nepBoro cnoq, KaK noKa3aHo Ha cpur. 12 n 13. 
HsojiRunoHHbin cnoii 20 n3 OyMarn PPLP 
r Ha CBepxnpoBOAflii^nx MHoroxmibHbix 



3 

OH 



npoBonoKax 11, b to BpeMH ksk 
oBepxnpoBOflfli^ne MHoroKwibHbie npoBonoKM 
11' HaMOTaHbi Ha hmx psifloM Apyr c flpyroM, 
MTQ6bi o6pa30BaTb BTopoM cnotf, nonyMeHHbia 
TaKUM cnoco6oM npoBOfl nMen KpnTMHecKuCi tok 
Ic 850 A. B 3tom nponofle noTepi/i Ha 
nepeMeHHOM TOKe 6binn GHn«eHbi 
npn6nn3nTeribHo Ha nopnflOK no cpaBHeHwc c 
AByxcnofiHbiM npoBOflOM, n3roTOBneHHtJM 6ea 
naonauHOHHoro cjior, C tohkh 3peHMF noTepb Ha 
nepeMeHHOM tokb Ha oflHy xi/iny, noTepn b 
npoBOfle flooTurann ypoBHn norepb OTflenbHofi 
HecoGpaHHoti >KHJibi BnaroflapH ani/icaHHOMy 
Buiue 3<cnepnMeHTy 6uno AOKa3aHo, hto 
HannHne n3onfli_inoHHoro onoa M&xny ctiohmh 
MHorocnoiiHoro npoBOAa GnaronpunrHo 
fleficTByer Ha CHn*eHne norepb Ha nepeMeHHOM 

XoTfl npuBeAeHHhift Bbiiue npuMep onucaH co 
ccbiriKOH Ha flByxcnoiiHbiPi npoBOfl, bo3mo>kho 
nojiy^eHne 30>cpeKTa ot ncno/ib30BaHi/ifl 
H30J151l4MOHHOrO cnoa TaiOKe co 
CBepxnpOBOflflLUHMW WHOrOXMJlbHblMM 

npoBonoKaMU, Hano>KeHHbiMK apyr Ha flpyra b 
Tpn nnn 6onee cnoeB. HanpuMep, ksk noKa3aHo 

Ha CpW\14, MOttHO nOJiyMMTb KOMnSKTHblfl 

npoBOfl c noHH>KeHHbiMH noTepwMH Ha 
nepeMeHHOM TOKe w nepeAanetf cnnbHoro TOKa 
nyTeM nocneflOBaTenbHoP yicnaflKH nepBoro 
cnoa CBepxnpoBOAfiLUnx MHoro>KnnbHbix 
npoBO/iOK 31, u3onfluwoHHoro cnofi 32, BToporo 
cnofl csepxnpoBOAHinnx MHoroxunbHbix 
npoBonoK 33, M3onsL|noHHoro enos 34, TpeTbero 
cnon ceepxnpoBOAqLL(MX MHoro>KMnbHbix 
npoBonoK 35, H3onflu,noHHoro cjioh 36 m 
MeTBeproro cnoa cBepxnpoBOAam,nx 
MHoroxunbHbix npoBonoK 37 

B03MO)KHO TaiOKe nOKpbJTb nOBepXHOCTH 

CBepxnpoBOflnmux MHoroxunbHbix npoBonoK 

H30fiHU,H0HHblMH CJlOflMH flTIH H3M0TKM 3THX 

nposonoK Ha KapKac. HanpuMep, 
cBepxnpoeoflHmafl MHoroKunbHan npoBonoKa 
41 noKpbiTa H3ondunoHHbiM cnoeM 40, ksk 
noKaaaHo Ha cpnr.15a. Mowho HaMoTaTb 
HeKOTopoe KonmecTBO tskhx CBepxnpoROAaw,wx 
MHorowwnbHbix npoBonoK 41 Ha KapKac 56, KaK 
noKaaaHo Ha pour. 156. Xota TaKOe 
KOHCTpy ICTHBH06 BbinonHeHne TpeOyeT MHOTO 
BpeiweHu flnw noKpbiTun H3onFiu,neii n oonbiunx 
pacxoflOB no cpaBHeHnio c BapnaHroM, npn 
kotopom M3onni4MOHHbiii MaTepnan 
npoKTiaflbiBaeTcs Mex<ay cjiosmh, b stom cnynae 
nonyMaerca 6onee naflewHan n3onHL(HP. 
npuMep 2 

Bi 2 03, PbO, SrC0 3 , CaC0 3 , n CuO 
nepeMenjHBann, HTo6bi nonynuTb cocTaB c 
coflepwaHueM Bi, Pb, Sr, Ca h Cu b 
cooTHOLLieHUBX 1 ,81 :0, 30:1 ,92:2,01 ;3,03. 
nepeMeiuaHHbiPi nopoujoK noflBeprann 
repMoo6pa6oTKe HecKO/ibKo pa3 c Apo6neHweM 
noane Ka>KAotf onepau,nti TepMOo6pa6oTKw. 
nopomoK, nonyMSHHbiR nocne TepMoo6pa6oTKM 
m flpoSneHun eu^e paa n3Me;ibMann b luapoBoti 
MejibHMLte, MTo6bi nonyMHTb nopoujoK Ha 
cy6MMKpoHHOw ypoBHe. 3tot nopomoK 
noflBeprann TepMOo6pa6oTKe npn 800°C b 
tshshms 2mm aarpyKanw b cepe6pBHyK) Tpy6Ky 

G BHeWHUM flUaMeTpOM 12 MM ^ BHyrpeHHUM 
fluaMeipoM 9 mm. Cepe6pnHyio Tpy6Ky c 
nopoiuKOM BbirarnBann n paspe3a;in Ha 
HGCKojibKo npoBonoK, KOTopbie 3aTeM noMeinann 
b flpyryio oepe6pflHyio Tpy6Ky c BHetuHWM 
fluaMeipoM 12 mm m BHyTpeHHMM fluaMeipoM 9 

MM, HT06bl nOflTOTOBHTb MHOrOKH^bHyiC' 

npoBonoKy, coflepxaii^yio 61 «nny. 3Ty 



MHoroKHnbHyio nposonoicy ei^e pas noflBeprann 
BonoMeHHic, npoKaTbrnann flo mnpHHbi 3,0 mm h 
Tonii(MHbi 0,22 mm, a aaieM noflBepra/in 
TepMOo6pa6oTKe. riocne 3Toro npoBonoKy 
npoKarbiBann flo TonujuHbi 0,20 mm m BHOBb 
noABeprann TepMoo6pa6oTKe, nonyMas t3kmm 
o6pasoM noKpbiTyto oepe6poM 

cBepxnpoBoflHLuyio npoBonoKy H3 okhch 
BWCMyTa, coflep>KamyK3 61 >xwiy. 3ry npoBonoKy 
cneKaiiki n paspe3anM Ha o6pa3i_ibi flnnHoPi 1 m, 
Ha KOTopwx naMepnnn BennHUHy KpwTHMecKoro 
nocTOBHHoro TOKa. Bbino noflTBep>KneHo, mto 
100 o6paaL^OB nMenn oraenribHyw Kprnmecmw 

TOK Be/lMHUHOii 23±1A. 

CneAyioLi^Me nposofla nsroTaBnuBann us 
npoBonoK atiuhoR 1 m m nocneflOBajin nx 
xapaicrep^CTMKH Ha nepeMeHHOM tokb. 
CsepxnpoBOflBLUMe npoaonoKH, Kax<flafi M3 
KOTopbix cofleo>Kana 61 xnny, HaMaTbiBann no 
cnnpann na opKacbi M3 FRP ati^ho^ 1 m v\ c 
bhgldhmm fluaMeTpoM 19 mm BnnoTHyio flpyr K 
Apyry, htoBh nonyHMTb ABa BMAa DAHOCTioRHbix 
npoBOflOB A n B. 3th cBepxnpoBOflqmne 
npoBonoKH HaMaTbiBann c LuaroM 250 mm. B 
npoBOAe A 20 nposonoK nnoTHo co6npanncb 
BMecTe 5es M3onfiL4MOHHoro MaTepwana Me>KAy 
hmmm. B npoBOAe B 17 OBepxnpoBOAfliAUx 
npoBonoK co6npann BMeoTe c npoioiaAKOM 

M6M<Ay HUMH LUHyp006pa3HOrO H3DTlHTOpa 

AwaweTpoM 0,5 mm, KOTopbiPi nonyMariM nyTeM 
CKpyHMBaHUJi KpacfcTOBOfi 6yMarn, hto6n oh Mor 
cnyKHTb Kax npoknaAKa, m HaMaTbiBann no 
cnnpann. 

B 3thx npoBOAax H3Mepflnn noTepn Ha 
nepeMeHHOM TOKe b khakom aaoTe npn 
TeMnepaType okotio 77 K no MecTy 
B036y>weHHfl, n Kawyio BenHMnHy noTepn Ha 
nepeMeHHOM tokb onpeAenariM kbk 
npon3BeAeHne TOKa B036y>KBeHMH n 
KOMnOHSHTbl HanpBweHMq, HaxOflULAefiCR B 0a3B 

c tokom Ka>Kflbie tok B036y>KAeHnF n BennMHHy 
noTepb flejimin Ha mhojio MonoribsoBai-iHbix >Knn, 
mto6 3 ' paccHnTaTb noTepn Ha nepeMeHHOM TOKe 
flris OTAerbHoti wnnbi. Bbino noATBepwaeHO, hto 
noTepn Ha nepeMeHHOM TOKe b npoBOfle A 6binn 
noHTu BABoe BbiLue noTepb b npoBOfle B npn 
tom, hto tok npoxoAfliunK no KajKAOM xwiie, 6bm 
He Buiue 23 A. 3tot 3KonepnMeHT noflTBepflun 
acpcbeKTHBHOOTb sneKTpuMeoKoti h3ojihl(hm 
MHoro^nnbHbix cBepxnpoBOAPiA^x npoBonoK, 
o6pa3yioii(nx oahh m tot kb cjioh, Apyr ot Apyra 
ATI 3 CHHWeHHn noTepb Ha nepeMeHHOM TOKe. 
npuMep 3 

flriH H3roTOBneHHH npoBOAa flfifl n3yneHHB 
ero xapaKTepucTHK Ha nepeMeHHOM toks 
ncnonb30Bann nposoAOKH aa/iho^ 1 m, 
HfleHTUHHbie npoBonoKaM b npHMepe 2. 

MHOroKMTibHbie cBepxnpoBOAHLAHe 
npoBO/ioKH HaMaTbiBann no onnpann Ha MeAHbin 
KapKac AnnHoH 1 m c Hapy«HbiM A^aMeTpoM 19 
mm psflOM Apyr c ApyroM, htoBu nonyHMTb 

OAHOCTIOMHblM npOBOfl C. 3TM npOBOTlOKM 

HaMaTbiBann c waroM 250 mm. 20 npoBonoK 
co6/iparn BnnoTHyio APy < APyry 6e3 
npoKnaAKn Me>Kfly humh M3on(mnoHHoro 
MaTepnana. rioTepn Ha nepeMeHHOM TOKe Ana 
3Toro npoBOAa C M3Mepnnn b kmakom asoTe 
rioTepn Ha nepeMeHHOM TOKe Ha oflHy xnny 
onpeAenann Taioxe, KaK b npHMepe 2, m Sblno 
noflTBepatneHo, hto noTepn b npoeofle C 6binn b 
2-5 paa Bbiiue noTepb a npoBOfle B npn TOKe 
B036y>KfleHMR b wnnax He Bbiiue 23 A. 3tmm 
3KcnepnMeHTOM 6bino noATBepxcAeHO, hto 
noTepn Ha nepeMeHHOM tokb b npoBOAe 
B03pa.cra.fCT, ecnn ero cepAeHHMK HaroTOBneH H3 



MeTan/ia n cBepxnpoBOAflU4ne npoBonoKW 

HHXOAflTCH B KOHTaKTe C HUM. 

ripuMep 4 

flna H3roTOBneHH« nposofla p^a nsyneHnq 
ero xapairrepucTHK Ha nepeMeHHOM TOKe 
ncnonb30Bann npoBonoKH flnnHofl 1 m, 
MAeHTMMHbie npoBonoKaM b npwMepe 2. 

MHoro>KMribHb>ie CBepxnpoBOAflmne 
npoBonoKH HaMaTbiBann Ha anioMHHneBbie 
cnnpanbHbie Tpy6KH, ctopMa KOTopwx 
aHanornHHa cfcooMe, U3o6paxeHHon Ha cpnr.1, 
flnMHOM 1 m c HapyxHbiM fluaweTpoM 28 MM, 
ennoTHyio flpyr k flpyry, HTo6bi nonynwTb flBa 
BMfla oflHoano^Hbix nooBOflos D w E 
CBepxnpoBOflaii|ne npoBonoKH HaMaTbiBann c 
LuaroM 250 mm. 20 npoBonoK caGnpann Ha 
KajKfloPi cnnpanbHOii Tpyore c npoKnaflKofl 
Me)Kfly KunaMU KpacfcToaoPi 6yMarn LunpnHofi 1 
mm ia tojiu^mhoPi 0,1 mm. E npoaoAe D MeflHyK) 
neHry HaMaTbiBann no cnupann Ha 
anHDMMHi/ieByio Tpy6Ky tskum o6pa30M, hto 
MHoro>KnribHbie cEepxnpoBOflflinne npoBonoKH 
HaMaTUBanncb no cnnpann b oauh cnofi B 
apyroM npoBOfle E MeflHyic Henry HaMaTbiBann 
no cnnpanu Ha amoMKHHeayio Tpy6Ky, a 3aTeM 
neHTy Zumirror (Ha ocHOBe nonuscTepa) 
TonuiHHO« 0,1 mm HawaTbiBann no cnnpann 
caepxy AnH sneKrpHHecKoii n3onnu,nu. 
MHoroxunbHbie caepxnpoaoAHm,ne npoBonoKH 
HaMaTbiBann no cnnpariH Ha sry nson^mnoHHyra 
neHTy b oauh cnoR. 

Ana Ka^oro npoaofla D m E noTepn na 
nepeMeHHOM toks Ha oflHy xuny npoaafla 

MSMepStflM B XOIAKOM a30Te, Vi 5bino 

noflTBep>KAeHo, hto noTeon b npoBoae D b 5 -10 
pa3 npeBbiniann noTepn b npoaofle E npn TOKe 
He Donee 23 A. 3thm OKcnepwMeHTOM 6wna 
AOKa3aHa bosmokhocth cHMKaTb noTepn Ha 
nepeMeHHOM tok6 nyTeM pacnonoxceHHE 
naonflL(noHHoro MaTepna/ia Ha noBepxHocni 
cepaeHHUKa Ana c6opKH Ha hsm 
CBepxnooBOflfliAnx npoBonoK, eonn stot 
cepAe^HHK BbinonHeH H3 MeTanna. 
npuMep 5 

Bi 2 0 3 , PbO, SrC0 3 , CaC0 3 n CuO 
nepeMeiii^Bann, HTo6bi nonysnTb coctsb c 
coAep>KaHneM Bi, Pb, Sr, Ca h Cu b 
cooTHOweHunx 1 ,81 :0,30:1 ,92:2,01 :3, 03. 
nepeMeiuaHHbiM nopoujOK noABeprann 
TepMoo6pa5oTKe HBCKonbKO pa3 c ApoCneHneM 
nocne Ka>KAoPi onepaqnn TepMoo6pa6oTKU. 
riopoaiOK, nonyHeHHbiPi nocne TepMoo6pa6oTKn 
n APo6neHnn, eiye pa3 w3MenbHann b wapoBofi 
MenbHHL(e hto6w nonynnTb nopowoK Ha 
cyGMMKpoHHOM yposHe. 3tot nopoujOK 
noflBeprann TepMOo6pa6oTKe npn 8D0°C b 
TeMeHMe 2 h n 3arpyKann b cepeopaHyio TpySKy 

C BHeLUHMM fluaMeTpoM 12 MM H BHyTpeHHUM 

AMaMBTpoM 9 mm. Cepe6pHHyio TpySxy c 
nopoiUKOM BbiTnrnBann n pa3pesann Ha 
HecKonbKO npoBonon, noTopbie aaTeM 
naMemanHCb b flpyryto cepe6pflHyw Tpy6xy c 

BHeliJHMM A^aWeTpOM 12 MM M BHyTpeHHUM 
flUSMeTpOM 9 MM, HTOSbl MSTOTOBHTb 

MHoro>KHJibHyfo npoBonoKy, coAepKamyto 61 
)KHJiy. 3Ty MHorojKHJibHyfo npoaonoKy eiqe pas 
noABeprann BonoHeHnto, npoKaTbisajin ao 
lUnpuHbi 3,0 mm u Tonii(HHbl 0,22 mm, a aaTeM 
noflBeprann TepMOo6pa6oTKe. nocne stoto 
npoBonoKy npoKaTbiBann flo Ton inn hw 0,20 mm m 
BHOBb TepMooSpaeaTbiBann, nonyMas jamwi 
o6pasoM noKpbiTyto cepe6poM 

CBepxnpoBOflHinyio npoBonoKy n3 okhch 
BUCMyTa, coAepxaiAyio 61 jxuny. 3Ty npoBonoKy 
cneKann m pa3peaann Ha 200 o6pa3L(OB ajwho^ 



1 m, Ha KOTopwx i^3Mepsnn BennnnHy 
KpMTHHecKoro nocTosHHoro TOKa. Buno 
noATBepKneHo, hto 200 o6pa3L(OB HMenn 
cTa6nnbHbi(^ KpnTMHecKMii tok BennHMHoi^ 
23 +2A. 

ripoBonoKM AnnHofi 1 m ncnonb30Bajin pns\ 
nonyneHMR nposoAOB pnn nccneAOBaHMn 
xapaKTepncTMK nepeMeHHoro TOKa. 

MHorojKunbHue cBepxnpoBOARLUne nposonoKM, 
Ka>Kflas M3 KOTopwx coflepxana 61 xnny, 
HaMaTbiBann no cnMpann Ha rapKacbi n3 FRP 

AnMHOM 1 M M C BHeLUHMM A^BMeTpOM 19 MM 

BnnoTHyio flpyr k APyry b flBa cnoa, HTo6bi 
nonynnTb naTb bhaob AsyxcnoPiHbix npaaofloa F, 
G, H, I h J. 3th nposonoKM HaMaTbiBann o 
niaroM 500 mm. 

B nepBOM npoBOAe F Me»<fly coceAHHMM 
MHoro>KMnbHbiMM cBepxnpoBOflwiAHMH 
npoBonoKaMH, co6oaHHWMn Ha KapKace b 
nepBOM m BTopoM cnoe, n3onaL|MOHHoro 
MaTepnana He 6bino. KpoMe Toro, He 6bin 
nponoxeH M3onfli_(MOHHbiM MaTepnan h Meway 
nepBbiM n btopum cnoHMM. 40 npoBonoK 6bino 



Bo btopom npoBOAe G H3onflLinoHHoro 
MaTepnana He 6bino Me>Kay npoBonDKaMn, 
06pa3yiCLL|MMM nepBbifl n BTopoPi cnoii. Ho 
Me»<Ay nepBbiM n btopwm cnoeM 6bina 
HaMOTaHa no cnnpann 6yMara PPLP ixinpnHOM 
30 MM M TOnLUHHOii 0,17 MM, HT06bl M30nnpoBaTb 

3tm cnon flpyr ot apyra. 40 MHOirwwibHbix 
CBepxnpoBOARLLinx npDBonox 6bino HawoTaHo Ha 
KapKac b Asa cnofl. 

B TpeTbeM npoBOfle H neHTbi H3 KanTOHa (Ha 
ocHOBe nonnnMHAa) llimphhom 0,5 mm n 
ToniAMHOf. 0,2 mm 6binn npono*eHbi Mexmy 
MHoro)KMnbHbiMn CBepxnpoBOA^iiiUMH cnonMn 
KaK npoKnaAKH non cbopMnpoBaHnn nepBoro n 
BToporo cnosi. KpoMe Toro, HaMOTaHHaa no 
cnMpann neHTa ns KanTOHa iunpnHO& 30 mm m 
TonmnHOi^ 0,2 mm 6bina pacnonoxeHa Msway 
nepBbiM n BTOpaiM cnonMn 

B HeTBepraM nposoAe I neHTa Zumirror (Ha 
ocHOBe noriM3CTepa) iiinpnHoS 5 mm m ToniAKHofi 
0,02 mm npomiaflbiBanacb Me«Ay coceAHnMn 
MHoroxnnbHbiMn npoBonoKaMn b nepsoM nnn 
BTopoM cnoe. 3Ta neHTa Zumirror 
pacnonaranacb Me>Kfly coceAHnMn 

CBepxnpoBOflSLunMn npoBonoraMM, KaK 
noKasaHO Ha $nr.7, Hhumh cnoBBMH, neHTa 
Zumirror HaMaTbiBanacb no cnnpann BAonb 
CBepxnpoBOflFiiUHX neHT, HTo6bi noKpbiTb 

BepXHIOK) HaCTb OAHOM IA3 CMeJKHblX 

cBepxnpoBOA«LL(Mx neHT, b to xe BpeMa 
noxpbiBafl hhjkhioic HacTb apyrofi 
cBepxnpoaoAHU^eC^ neHTbi. CneAoaaTenbHO, 
mo)kho 6bino M3on^,poBaTb nepBbifl n BTopoM 
cnon APyr ot Apyra 6e3 npowiaflKn 

B naTOM npoBOAe J MHoroKnnbHbie 
cBepxnpoBOflHLune npoBonoKH, npeflBapnTenbHo 
noKpuTbie 3Majibio, co6npanncb BMecTe, 
npnneM Mexay coceflHUMH cBepxnpoBOAflU4HMH 
npoBonoxaMn a nepBOM n BTopoM cnoax, 
cooTBeTCTBeHHo, npoKnaflbiBanncb neHTbi ns 
KanTOHa LunpnHoCi 3 mm m TonmwHotf 0,02 mm. 
3tm H3onnL(noHHbie neHTbi 6binn pacnonojKeHbi 
Me«ay CBepxnpoBOAflLHHMn npoBonoKawn 
aHanornMHo nposoAy 1. 

rioTepn Ha neoeMeHHOM TOKe H3Mepnnkicb 
Ann KaJKAoro M3 npoBOAOB r -J b kmakom a30Te 
npn TeMnepaType np^SnnsMTenbHO 77 K no 
Merafly B036y«fleHMs. lloTepn Ha nepeMeHHOM 
TOKe onpeflennnn ksk npon3BeAeHne TOKa 
B036y>KAeHnn v\ HanpnxeHMH, Korapoe r3bino b 
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cpa3e o tokom. Kaxqyto BenMHHHy ToKa 
BoaCyxyjeHUfl a noiepb flennnn Ha hmcho 

HCnOJlbSOBaHHblX «Hn, HT06bl paccMmaTb 

noTepn Ha nepeMeHHOM too m pacneTa Ha 
oflHy wwiy. npn noflaMe toks BennMHHofi 20 A 
Ha wviny, npoBOfla F, G, H, I m J 
npofleMOHCTpupoBann noiepu Ha nepewieHHOM 
TOKe b pa3Mepe 7; 1; 0,7; 0,7 n 0,7 mBt/m, 
cooTBeTCTBeHHO. B oDJiacTsw He Bbime 25 A 
npcmofla F m G npofleMOHCTpupoBann, 
cooTBeTCTBeHHO, MaKcuManbHbie m cneflyicixine 
aa MaKCMMaribHbiMn noTepn. C APyroti CTopoHbi, 
b npoBOflax H, I « J noTepn Ha nepeweHHOM 
TOKe ocTanwcb npaKTHMecKMM Ha oflHOM n tom 
we ypoBHe bo bcsx o6nacrrHX, CBHfleTenbCTBysi o 
CHUxeHMn noTepb Ha nepeiuieHHOM TOKe. TaKMM 
oGpasoM, 6bina noflTBepx<fleHa sctjqbeKTMBHacTb 
aneKTpuHecKoCi n3onflu,nn >xnn Apyr ot Apyra 
we>KAy cnopiMn i/i b caMOM cnoe. ToBopfl TOHHee, 
CTpyKTypw npoBOflOB H, I m J oKa3anncb 
Han6onee 3CjpcjpeKrMBHbiMi<i. 

Xoth ASHHoe M3o6peTeHne 6bino AeTanbHo 
onucaHo v\ nponnntocTpuposaHo, cneAyeT 
noHUMaTb, hto 3to CAenaHo HCKnioMHTenbHo a 
KanecTBe unntotrrpaLinn n npuruiepa u He aojtwho 
npuHUMaTbcp KaK orpaHnneHne, TaK ksk 
3awbicen m o6-beM AaHHoro n3o6peTeHHR 
orpaHHHeH TonhKO npunaraeMofi cpopwynoS 
M3o6peTeHna. 

cDopMyna M3o6peTeHMn: 

1. CBepxnpoaoflnmuM Ka6enbHbifl npoBOA c 
ncnorib30BaHnew okchahoto CBepxnpoBOAHUKa, 
coAepaomuCi ra6Kyto noftnoxKy npf\ MHOwecTaa 

WHOrOKMJlbHblX OKCHAHblX CBepXnpOBOAHLU,HX 

npoBonoK, noKpbiTNX CTa6nnn3npytoLii,nM 
MaTepnanoM, 0TnuHa(cm,nCic5i Tew, hto 
noAnowKa BbinonHeHa b bmas KapKaca, 
CBepxnpoBOflfliAne npoBonoKK BbinonHeHbi 
neHTOo6pa3HbiMn u HaMOTanw no cnnpani/i Ha 
KapKao b HecKonbKo nocneAOBaTenbHO 
pacnonoaceHHbix, ccpopMupoBaHHbix M3 
MHOiKecTBa stux npoBonoK cnoeB BnnoTHyic 
Apyr k Apyry b ksxaom hs hhx, npn 3tom no 
MeHbwea Mepe Me)Kay sthmh HeoKonbKWMn 
cnoRMn pacnonoHceH 3neKTpow3onHLi,naHHbifi 
cnofi 

2. ripoBOA no n 1, oTnwHaioiii,nPicfl TeM, hto 
cBepxnpoBOARi^ne npoBonoKW HaMOTaHbi Ha 
KapKac npw HanppweHnw narn6a MeHee 0,3% 

3. ripoBOA no nn.1 n 2, ot nnHaicmntfcfl Tew, 
hto 3neKTpaw3onflL|iraHHbitf cnoii pacnono>KeH 
Mexfly MHO>KecTBOM neHT006pa3Hbix 
OBepxnpoBOAfliAnx npoBonoK no MeHbiuefl Mepe 
b nio6oM M3 nocneflOBaienbHo pacnonoxeHHbix 
cnoeB. 

4. ripoBOA no nn.1 3, omnHaioiii,wtfcfl TeM, 
hto KapKac BbinoriHeH m MeTanna. 

5. npoBOA no nn.1 4, 0Tn^Ha«mnticfl TeM, 
hto KajKflbiPi 3jieKTpon3onfli;naHHbiCi cnoti 
oBpasoBSH nyTeM cnnpanbHoPi hsmotkh 

H30flS1L(H0HH0a JieHTbl B npOAOflbHOM 

HanpaBneHMH KapKaca. 

6. ripoBOA no n.o, OTnunaioLnnCicH Tew, hto 
KawflbM 3neKTpon3onsi4noHHbiPi cnofi o5paaoBaH 

H3 MSOnWUMOHHOpi JieHTbl, npmeM H30JiaL|HDHHaB 

neHTa ynoxceHa we)«Ay coceflHMMH 
n©HToo6pa3HbiMH cBepxnpoBOAfliAHMn 
npoBonoKaMU no MeHbujefi Mepe b jik)6om M3 
HeKOToporo nucna cnoeB m cnnpanbHo 
HaMOTaHa BAonb coceflHUx cBBpxnpoBOfldinnx 

npOBOnOK C B03MO>KHOCTblO nOKpblTb OCHOBHyK) 

noBepxHOCTb, o6pau4eHHyio k KapKacy, oahoiS ua 
coceAHnx CBepxnpoBOflfliAMX npoBonoK n oflHy 
OGHOBHyfo noBepxHOCTb Apyroi^ 

CBepxnpoBOAfimeM npoBonoKu, 



npoTHBononoxHOM ot KapKaca b napax 
npoTHBonono>KHbix ochobhux noBepxHocTeCi 
cx)OTBeTCTBy foiAMX npoBonoK 

7. npoBOA no n(o60My H3 nn.1 4, 
OTnunaioiAMPicR TeM, hto neHTooSpasHbie 
MHoroxnnbHbie OKcuAHbie cBepxnpoBOAflLHne 

npOBOJlOKH nOKpblTbl 3neKTpOH30nRU,HOHHblMH 

8. npoBOfl no nio6oMy H3 nn,1 7, 
OTDkinaioiAnCicfl TeM, hto KapKac BbinoriHeH U3 
MeTajinnnecKoCi Tpy6<n <x> cnnpanbHoti 
KaHaBKOM nnn MeTannnHecKOM rocppupoaaHHoa 
TpySKn. 

9. ripoBOA no n,8, 0TriHHaioLtj,nflciR TeM, hto 
cx>Aep)KHT MeTannnHeocyio neHTy, HawoTaHHyio 
no cnMpann Ha KapKao, h M3onsmnoHHyK) neHTy, 
HaMOTaHHyK) no cnnpann Ha rnaAKyio 
noBepxHDCTb, o6pa30BaHHyio MeTajinMHecKOM 
neHToti, npuneM neHTOo6pasHbie MHorownnbHbie 
cBepxnpoBOAHLU,Me nposonoKH cnnpanbHO 
HaMCTaHbi Ha n3onnLj,noHHyio neHTy. 

10. ripoBOA no nio6oMy us nn.1 9, 
OTnuHatomnPiCfl TeM, hto b neHToo6pa3Hbix 
npoBonoKax xwnbi cKpyneHbi (TBMCTupoBaHbi), 

1 1 . CBepxnpoBOflHLAHfl Ka6enbHbiS npoBOA c 
ncnonbsoBaHneM okcmahoto CBepxnpoBOAHUKa, 
coAepxaiiiUM rn6Kyio noAnoxKy Ann MHox<ecTaa 
MHoro>KMnbHbix OKCuAHbix CBepxnpoBOAflw,nx 
npoBonoK, noKpbiTbix cTa6nnn3npyiomnM 
MaTepnanoM, OTnuqaioiAnPiCH TeM, hto 
noAno)KKa BbinonHeHa b BHAe KapKaca, 
CBepxnpoBOAfliAne nposonoKn BbinonHeHbi 
neHToo6pa3HUMn n HaMOTaHbi no cnnpann Ha 
KapKao c HaTfDKeHneM He 6onee 2 Krcp/MM 2 npn 
HanpwKeHHu M3rn6a MeHee 0,3% b HeoKOnbKO 
nocneflOBaTenbHO pacnonoxeHHbix, 

CCpOpMUpOBaHHUX H3 MH0>K6CTBa 3THX npOBOnOK 

cnoeB BnnoTHyic Apyr k apyry b Ka>KAOM H3 hux, 
npn 3tom no MeHbiueH Mepe MeiKffy stumm 
HecKonbKHMH cnoflMH n Me»<Ay 
neHToo6pa3HbiMH CBepXnpOBOAHLL|HMH 

nposonoKaMw m KapKacoM pacnono«eH 
3neKTpoM3onflUnoHHbii^ cnoR. 

12. npoBOA no n. 1 1 , OTnnnaioii|i / iflcn TeM , 
hto coAepxnT 3neKTpon3orwL(noHHbiPi cnoPi 

Me>Kfly MHO*eCTBOM neHT0O6pa3HblX 

cBepxnpoBOflBinnx npoBonoK no MeHbiueCi Mepe 
b nio60M ua nocneAOBaTenbHO pacnonojxeHHbix 
cnoeB. 

13. npoBOA no nio6oMy M3 nn. 11 n 12, 

OTflUHaiOlilMtlCfl TeM, HTO KaWflbli^ 

sneKTponsonnunoHHbiM cnotf o6pa30BaH nyTSM 
cnnpanbHof^ H3motkm nsonminoHHoCi neHTbi b 
npoflonbHOM HanpaBneHnn KapKaca, 

14. ripoBOA no n. 1 1 , oTnuHaiouiMPicR TeM , 
hto Ka«Abiti M3onHL(MOHHbP^ cnoR o6pa30BaH H3 
H3onpiL(noHHoP neHTbi, npuneM n3onnL(noHHafi 
neHTa yicnaAbiBaeTcn MejKAy coceAHUMn 
neHTOo6pa3HUMH cBepxnpoBOflflinnMH 
npoBonOKaMn no MeHbwetf Mepe b nio6oM H3 
HeKOToporo nucna cnoeB n cni/ipanbHo 
HaMaTbiBaeTcn BAonb coceAHHx 
csepxnpoBOAHiAnx npoBonoK c B03MO>KHocTbio 
noKpbiTb ocHOBHyw noBepxHOCTb, o6paineHHyio 
b KapKacy, oahoCi m3 coceAHHx 
cBepxnpoBOAHm,nx nposonoK n oAHy ocHOBHyio 
noBepxHOCTb APyroti CBepxnpoBOAHmeR 
npoBonoKH, npoTMBonono>KHoti ot KapKaca b 
napax npoTHBonono>KHbix ocHOBHbix 
noBepxHOCTeti cooTBercTByioi±i,nx npoBonoK 

15. npoBOA no nio6oMy H3 nn 1 1 14, 
OTnunaioiAnficR TeM, hto MHox<ecTBo 
neHTOo6pa3Hbix MHoro>KMnbHbix OKCMAHbix 
csepxnpoBOAHLAHx npoBonoK, npeABapnTeribHO 

nOKpblTblX H30nfll4H0HHbIMH CndflMH, 



HaMaTbiBaeTcn Ha KapKac. 

16. npoBOfl no jiio6oMy us nn.11 15, 

OTHM'-iaiOmUpicfl TOM, WTO KapKacoiu HBnfleTCH 

MerannHHecKaH TpyBKa oo cnMpanbHOM 
KaHaBKOM wnH MeTaRnnqecKas roc^pupoBaHHan 
Tpy6Ka. 

17. npoBCfl no n.16, OTnunaiou^nRoq reM, 
mto cofiepjKUT MeTannnMecnyfo neHry, 
HaMOTaHHyfo no cnnpaiw Ha KapKac, m 



n3onflL(MOHHyio neHTy, HaMoTaHHyo Ha poBHyio 
noBepxHocTb, oBpaaoBaHHyio MeTannnnecKoW 
neHToB, npuHeM neHTOo6pa3Hbie MHorowwibHbie 
OKCMflHbie cBepxnpoBOflHUj,ne npoBO/ioKH 
cnnpanbHO HaMOTaHbi Ha n3on^L(noHHyw ji9HTy. 
18. npOBCA no nioDOMy H3 nn.11 17, 

OTnMHaiOUJ,MWDf) TeM, 4TC B JieHT006pa3HbiX 

npoBOJioKax ki/ijiw ocpyweHbi. 
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20 
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T a 6 n n i_| a 1 





Mucno 
3arpyweHHbix>OTi 


Pa3Mep cepe6p. Tpy6KM 


TO/iuiwHa CBepxnpoBOflH 

K 100% 

TOnujHHa npoBO/iKH 


Hapy>KH. 
AnaMeTp 


BHyrpeH 
amueip 


1 


169 


26 


19,5 


4,0 


2 


91 


19 


14,3 


5,4 


3 


61 


15,6 


11,7 


6,6 


4 


37 


12 


9,0 


8,6 


5 


19 


8,7 


6,5 


12 


6 


7 


5,2 


3,9 


20 



T a 6 n u l| a 2 





d 255 mm 


d 128 mm 


a 55 mv 


d 64 mm 


d 25 mm 




A 


B 


A 


B 


A 


B 


A 


B 


A 


B 


1 


0,1 


1,50 


0,2 


1,50 


0,3 


1,53 


0,4 


1,50 


0,5 


1,50 








(100) 




(100) 




(100) 




(100) 




(100) 


T— 


2 


0.1 


1,70 


0,2 


1,70 


0,3 


1,79 


0,4 


1,79 


0,5 


1,79 


o 






(100) 




(100) 




(100) 




(100) 




(100) 




3 


0,1 


1,90 


0,2 


1,90 


0,3 


1,84 


0,4 


1,82 


0,5 


1,79 








(100) 




(100) 




(97) 




(96) 




(94) 


CO 


4 


0,1 


2,0 


0,2 


1,92 


0,3 


1,84 


0,4 


1,80 


0,5 


1,76 


o 






(100) 




(96) 




(92) 




(90) 




(88) 


CO 


5 


0,1 


2,1 


0,2 


1,95 


0,3 


1,83 


0,4 


1,74 


0,5 


1,63 








(100) 




(93) 




(87) 




(83) 




(78) 


o> 


6 


0,1 


2,2 


0,2 


2,00 


0,3 


1,83 


0,4 


1,72 


0,5 


1,63 


o 






(100) 




(93) 




(83) 




(78) 




(74) 


o 



A; nanpnxeme H3rn6a (%) 
B: Ic(*10 4 A/m 2 ) 

"L|ucppbi b cko6kbx 03Ha*-iaKJT npoLieHT nnoTHocTH KpnTHnecKoro too Ic nocne M3ru6a no 3 
cpaBHeHnw c Tew we napaMeTpoM flo ^3rn6a. 




O cDnr.2 



a) 
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